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(57) ABSTRACT 

Developing decision-making skills of a user through prac 
tice in a simulated environment comprises defining a simu 
lated Situation to be influenced by the user including a Set of 
objects that are represented by an attribute-characteristic 
representation, presenting information concerning a current 
State of the Simulation, obtaining decisions from the user that 
at least partially determine object designs to be evaluated, 
evaluating an object design using a value function having 
multiple optima, updating the Simulation with the results 
from the evaluation, and permitting continued practice by 
Selectively repeating Several of these Steps. A System 
executes Simulation Software that Simulates Such a situation 
on a processor, and includes evaluation Software for Select 
ing and evaluating design objects by applying a value 
function having multiple optima. At least one terminal and 
communication links are provided for information transfer 
and implementation of the Simulated Situation. Diagnosis of 
the user's cognitive approach is also disclosed. 
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MANAGEMENT TRAINING SIMULATION 
METHOD AND SYSTEM 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 10/141,997, filed May 8, 2002, entitled 
“Management Training Simulation Method and System,” 
now pending, which is a continuation-in-part of U.S. appli 
cation Ser. No. 09/364,280, filed Jul. 30, 1999, entitled 
“Management Training Simulation Method and System,” 
now allowed, and is also a continuation-in-part of U.S. 
application Ser. No. 09/364,489, filed Jul. 30, 1999, entitled 
“Management Training Simulation Method and System,” 
now U.S. Pat. No. 6,236,955, and which further claims 
priority under 35 U.S.C. S 119(e) from U.S. Provisional 
Application Ser. No. 60/094,900, filed Jul. 31, 1998, and 
60/141,738, filed Jun. 30, 1999, the disclosures of which are 
hereby incorporated by reference in their entireties as if Set 
forth herein. 

RELATED WORK 

0002 Gary J. Summers, “Modeling Innovation as a 
Process of Design in Educational Business Simula 
tions,” in Developments in Business Simulation and 
Experimental Learning, vol. 26 (1999): pp. 146-152; 

0003 Gary J. Summers, “Analyzing Managers Judg 
ments and Decisions with an Educational BusineSS 
Simulation,” in Developments in Business Simulation 
and Experimental Learning, vol. 26 (1999): pp. 58-64. 

FIELD OF INVENTION 

0004. The present invention relates generally to manage 
ment training simulations (MTSs), which are computer 
programs or board games that help managers learn to 
manage and to understand business. More particularly, the 
present invention involves a computerized management 
training method and System that effectively teaches the 
development and use of knowledge and provides training in 
managing Strategy, risk, innovation, and core competencies, 
as well as analyzing and correcting a manager's decision 
making processes and identifying a managers unique judg 
mental biases and errors. It provides tailored, individualized 
training in managerial judgment and decision making. 

BACKGROUND OF THE INVENTION 

0005 MTSs are computer simulations that teach manag 
erS how to make better informed decisions. They present a 
manager with a lifelike Situation simulated by a computer. 
The manager endeavors to improve the situation. To do this, 
he analyzes the situation and responds with a decision. The 
computer then calculates and displays the consequences of 
his decision. If the Simulation closely approximates realistic 
Situations, the manager learns how to confront those situa 
tions when they arise in the work environment. 
0006 MTSs are also called business simulations, busi 
neSS gaming, and business war games. Many business 
Schools, corporate universities, consulting firms, training 
firms, and human resource departments use MTSs to teach 
a wide variety of Subjects including marketing, finance, 
accounting, busineSS Strategy, Supply chain management, 
and organization design. 

0007. There is a great need for this educational technol 
ogy. People learn best from practical, hands on experience. 
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Yet the primary Source of Such experience, one's business, 
is a difficult place in which to learn. Business experiments 
are not repeatable, decision consequences represent the 
outcomes of many influences, and the penalties for failure 
are potentially high. Business risks, costs, and complexity 
prevent a manager from engaging in the playful, mistake 
driven experimentation through which people learn best. 
0008. The predominant alternative to learning on the 
job are books and classroom Study. These methods are also 
limited. Applying intellectual knowledge to practice is 
extremely difficult. For example, no medical Student is 
expected to move directly from Gray's Anatomy to Surgery. 
0009 MTSs overcome the problems of learning on the 
job and of classroom Study. They are the ideal means for 
learning: experiments are repeatable while consequences are 
discernable and immediate. They condense years of expe 
rience into a few hours of Study, thereby improving the 
learning that managers gain from their most limited 
resource-time. MTSs bridge the distance between intellec 
tual understanding and practice (as cadavers do for medical 
Students). They facilitate practical learning without risking 
“the patient'-One's career and company. 
0010. A manager will gain the following benefits by 
using MTSs to improve his management skill: 

0011. One can test his own strategies and intui 
tions-the Student directs the leSSon, rather than the 
lesson directing the student (as in traditional class 
room learning). 

0012 MTSs provide more realistic exercises than 
those found in books or lectures, while still being 
leSS complex than real life situations. 

0013 MTSs can isolate critical skills. Managers can 
concentrate on improving these skills without being 
encumbered by the complexity of the real task. 

0014. The consequences of one’s actions appear 
immediately and are easily discerned. 

0015 Unlike in one’s actual job, there is no penalty 
for failure. One can experiment risk free. 

0016 MTSs facilitate testing ideas before real life 
implementation (called “what if experiments). 

0017 MTSs increase communication by instigating 
discussion of Strategy and operations and by illumi 
nating business concerns. 

0018 FIG. 1 shows a most general architecture of an 
MTS. An MTS is composed of four parts: a display for 
presenting information about a simulated busineSS Situation 
(103); an input device for a person or team learning with the 
MTS (hereafter called a student) to input decisions into the 
MTS (104); a simulation of a business situation (101); and 
a business simulation manipulator (102) for calculating and 
producing the effects of Students decisions on the busineSS 
situation. The arrows in FIG. 1 represent the movement of 
information and decisions in the MTS. The movement of 
information and decisions is best explained by describing 
the operation of an MTS. This is as follows: The display 
gathers information from the Simulated busineSS situation 
and displays this information for the Students. After witneSS 
ing the information, the Students make decisions. The Stu 
dents enter their decisions into the busineSS Situation via an 
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input device. Upon receiving the Students decisions, the 
busineSS Simulation manipulator calculates the effects of the 
Students decisions in the Simulated busineSS Situation. 
Information from the affected business situation is then 
displayed for the Students. 
0019. An important class of MTS within the general MTS 
architecture depicted in FIG. 1 is the competitive industry 
MTS. In Such MTSs the simulated business situation com 
prises a Simulation of a competitive marketplace. Competi 
tive industry MTSs teach the management of business 
functions where markets influence business results, for 
example, marketing, finance, and busineSS Strategy. For 
simplicity, I refer to competitive industry MTSs as MTSs 
and refer to the general case depicted in FIG. 1 as the 
general case MTS. 
0020 FIG. 2 shows the architecture of an MTS. The 
Simulated busineSS Situation is a competitive industry. The 
Simulated competitive industry is composed of at least two 
types of components: a marketplace model (201) and at least 
one firm (204) controlled by a student. The marketplace 
model typically simulates, among other things, products, 
customers, market segments, and technology (described 
below). The marketplace model influences the structure and 
dynamics of the Simulated competitive industry. Usually, 
each Student manages a separate firm. Through their respec 
tive firms, Students compete against each other for profits 
and market share in the marketplace. Each firm has Several 
characteristics relating to business processes (for example, 
manufacturing capacity, the number of Salespeople, operat 
ing capital, debt, and accounts receivable). The marketplace 
model and firm model determine the decisions required of 
Students and the leSSons learned. Depending upon the char 
acteristics of the Simulated marketplace and the Simulated 
firms, MTSS might require that managers compete in Several 
markets and/or manage one or more of Several busineSS 
functions (for example, finance, marketing, Sales, customer 
Service, and research and development). 
0021. To manage their firm and, specifically, to receive 
information and input decisions, Students use an interface 
(205). This interface is typically an integration of the display 
and input devices shown in FIG. 1. However, some business 
Simulations are played as board games (for an example See 
U.S. Pat. No. 5,056,792). In such board games, the firm 
model and market models are comprised of a Visual display 
on the game board and a set of rules governing play and 
hence the display on the board. For example, a portion of the 
game board might represent firms. Chips placed on this 
portion of the board represent the firm’s characteristics, Such 
as the amount of inventory. Rules determine when chips are 
added or removed from the board. Another portion of the 
board represents the marketplace in a similar manner. When 
an MTS is played as a board game, the interface is the game 
board itself. Making this distinction, one versed in the art 
will recognize that the general descriptions of MTS given 
throughout this document apply to both board games and 
computer simulation MTSs. 
0022. The arrows in FIG. 2 represent the movement of 
information, revenues, and decisions in the MTS. The move 
ment of these objects is most clearly explained by describing 
the operation of an MTS. 
0023. Each application of an MTS is called a learning 
Session. A learning Session progresses through rounds where 
each round consists of the following Sequenced Steps: 
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0024. 1. Each interface collects information describing 
its student's firm and the marketplace. The firm's 
characteristics constitute the information describing the 
Student's firm. Information about the marketplace 
might include, for example, the products previously 
Sent to the marketplace, the prices offered, Sales Vol 
umes, and competitors market shares. Each interface 
displays this information to its Student. 

0025 2. Using the information presented by the inter 
face, each Student determines his firm's decisions for 
the current round. These decisions might include, for 
example, pricing products, purchasing manufacturing 
capacity, and producing products. 

0026) 3. With an input means (for example, a keyboard 
or mouse) each student enters his decisions into the 
interface. The interface Sends these decisions to the 
student's firm. 

0027 4. Each student's firm implements its student's 
decisions. The produced products are Sent to the mar 
ketplace. 

0028) 5. Having received the production from all the 
firms, the marketplace Simulates the Sale of all firms 
products. This simulation might include, for example, 
evaluating firms products and calculating demand. For 
these tasks, the marketplace model will contain a 
product evaluator (FIG. 2, field 203) for evaluating 
products and a market manipulator for calculating 
demand (FIG. 2, field 202). After the sales are deter 
mined, the Sales revenues are Sent to the appropriate 
firm. After completing these five Steps a round is 
complete. The next round begins with Step one. 

0029. Simulation of Time: Simulations that progress 
through rounds are called Synchronized simulations. This is 
because the decisions of users are Synchronized. In Synchro 
nized simulations the manipulation of the Simulated busi 
ness situation occurs in fits and starts. When all of the 
decisions are received, the Simulated Situation is manipu 
lated. Then, the manipulate Stops and waits until all users 
Submit their decisions for the next round. 

0030 Decisions need not be synchronized this way. 
Instead, the simulation can run continuously. FIG. 35 
depicts a general case of an asynchronized simulation. It is 
the same as the simulation depicted in FIG. 1, with one 
exception. It has its own clock (3530) that keeps track of 
time in the Simulation. For example, it might monitor a 
computer's clock and mark one day of Simulated time every 
ten minutes. If the Simulated Situation includes a market 
place that opens daily (e.g., a retail Store), the simulation 
calculates one day of demand and Sales every ten minutes. 
These manipulations do not depend upon receiving deci 
Sions from Students. 

0031. With an asynchronized simulation users need not 
Submit their decisions at the Same time. Users can make any 
decision and submit it to the simulation at any time. When 
the Simulation receives a users decisions, it incorporates 
them into its next manipulation of the Simulated Situation. 
0032. An asynchronized MTS presents students with an 
additional challenge. They must repeatedly query the Simu 
lation for data. They must do this to keep abreast of changes 
and actions taken by other users. Moreover, users must 
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query the Simulation and make decisions at a pace that 
“keeps up” with the simulation. 
0033. The following description focuses upon market 
place models and product design to facilitate the discussion 
of MTSs in general. MTSs require a marketplace model 
which represents both products and markets. MTSs typically 
require students to perform three tasks: (1) analyze the 
marketplace and competing firms, (2) design products and 
Set prices, and (3) invest in business processes. The follow 
ing describes generally how MTSs represent products and 
markets and how they Supply the Structure required to 
facilitate the Students performance of their required taskS. 
0034) Products: Products in known MTSs generally 
include three types of product traits: busineSS proceSS traits, 
aggregate traits, and attributes. BusineSS proceSS traits rep 
resent the outcome of busineSS processes, Such as customer 
Service level and delivery delayS. Aggregate traits describe 
the whole product, Such as product quality and product 
reliability. Attributes represent specific features comprising 
a product. Attributes can vary quantitatively (for example, 
amount of calories in one Serving of a breakfast cereal) or 
qualitatively (for example, a product’s color). The values 
that attributes can express are called characteristics. The Set 
of characteristics that an attribute can express is referred to 
as the attribute’s domain. The composite produced by the 
characteristics expressed by a products attributes is called a 
product’s design. 

0035) Product Classes: A product class is the set of 
products consisting of all the possible values for a product 
vector. Real world examples of product classes are sports 
cars and long distance phone Service. A specific product is 
identified by its class and its traits. For example, Suppose 
Sports cars have three traits: customer Service, delivery 
delay, and product quality. Suppose also that customer 
Service and product quality are measured with a ten point 
Scale. A Specific product in the Sports car product class is a 
Sports car with a level five customer Service, two week 
delivery delay, and a level Seven quality. 

0036) To provide more realistic decision situations, some 
MTSs furnish Several product classes, for example Sports 
cars and luxury cars. Multiple product classes are defined by 
declaring their existence. For example, an MTS might 
declare three classes of products (classes A, B, C) by 
declaring three types of product vectors of the type 
described above. Each product class can have the same 
traits, but this is not necessary. 
0037 Markets: Demand for products is simulated in prior 
art MTSs using a demand function for a market manipulator 
(FIG. 2, field 202). In most MTSs, the market manipulator 
is a set of equations. For examples See: Steven Gold and 
Thomas Pray, “Modeling Demand in Computerized Busi 
ness Simulations,” in Jim W. Gentry (ed.), Guide to Business 
Gaming and Experiential Learning, ASSociation for Busi 
ness Simulation and Experiential Leaming (East Brunswick: 
Nichols/GP Publishing, 1990), pp. 117-138. The market 
manipulator takes the firms production as input and calcu 
lates the total size of the market and the share of demand for 
each firm. This demand is then compared to firms actual 
production to determine Sales. When equations are used, the 
parameters of the equations permit an MTS designer to 
adjust the industry and firm Specific demand elasticities for 
each product trait. In addition, by using multiple Sets of these 
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equations MTSs can represent multiple market Segments 
(for example, customers who value quality over timely 
delivery or vice versa) and/or multiple markets (for example, 
the Canadian and the United States automobile markets). 
0038. It is notable that, usually, the market manipulator 
does not directly receive product characteristics as inputs (as 
independent variables). Instead, a products characteristics 
are used to produce a Single number that represents a 
market's evaluation of a product’s design. I call this number 
a products value. The conversion is produced by a product 
evaluator (FIG. 2, field 203). In most MTSs, the product 
evaluator is an equation V=h (a1, a2, . . . a,), where V is the 
value of a product, n is the number of attributes comprising 
products, and a, a2, ... a are the attributes that can express 
characteristics in the product. I call this equation a product 
value function. The product value function has the effect of 
removing a products attributes from the product vector and 
replacing them with a Single aggregate product trait: product 
value. The market manipulator accepts this trait as an input. 
As described in detail in the appendix, prior art MTSs 
evaluate product values using a distance value function. 
0039. Management Decisions: Students are told what 
product classes, market Segments, and markets exist and the 
product traits comprising the products of an MTS. With this 
knowledge, Students control a firm and compete in the 
Simulated marketplaces by producing products from one or 
more of the declared product classes. 
0040. Each student manages his firm by performing the 
following tasks: 

0041) 1. A student studies the predefined markets and 
the behavior of the other firms (his competitors). From 
this analysis, the Student develops a busineSS Strategy 
or adjusts his previous Strategy. 

0042. 2. The student enacts his strategy by selecting 
the characteristics expressed by product attributes, by 
Setting prices, and by distributing his firms operating 
budget among business processes (for example, manu 
facturing, Sales, advertising, and research and develop 
ment). These investments are risky. If the Strategy does 
not produce Sufficient revenues, the return on invest 
ment will be negative. The firm will lose money and go 
bankrupt. 

0043. The tasks of market analysis, competitor analysis, 
and investment in busineSS processes are described below. 
0044 Market and Competitor Analysis: Students analyze 
the marketplace through three methods: 

0045 1. Students analyze the marketplace results. 
They identify the prices, quantities, and product traits 
of products Sold in the marketplace. From this infor 
mation they estimate the size of market Segments and 
the value that customers gain from each product trait. 

0046 2. In some MTSs students can supplement the 
marketplace information by purchasing computer gen 
erated marketing SurveyS. These Surveys describe the 
characteristics of the simulated market (for example, 
demographic Statistics) or the results of simulated Stan 
dard marketing tests (for example, Side-by-side product 
comparisons or focus group tests). 

0047 3. In some MTSs students can supplement the 
marketplace information by purchasing marketing 
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reports. Among other qualities, marketing reports 
might list products, prices, new products, products that 
Sold well, products that Sold poorly, and Sales Volume 
by product type. 

0.048 Students analyze competitors using two methods: 
0049) 1. By analyzing marketplace results, a student 
can learn the market share, production, prices, and 
products of competitors. 

0050 2. Some MTSs supplement this information with 
a computer generated competitive intelligence report 
that details competitors behavior. It might State, for 
example, the average industry investment in production 
capacity or in research and development. 

0051. From a student's marketing and competitor analy 
sis, he develops a busineSS Strategy. The busineSS Strategy 
States a focus on Specific product classes, markets, and 
market Segments. It States the desired values of product 
traits, prices, and production Volumes. A Student enacts his 
Strategy with three decisions: Set the attribute levels, Set the 
prices of its products, and invest in busineSS processes. 
These decisions are described below. 

0.052 Setting Product Attributes and Price: Students set 
the characteristics expressed by their products attributes. In 
Setting characteristics, a Student determines a products 
design and is essentially designing a product in the Simula 
tion. The only restrictions on product design are the domains 
of the attributes. For example, quantitatively varying 
attributes might be bounded by minimum and maximum 
values. Likewise, qualitatively varying attributes might 
present Students with a limited number of characteristics to 
choose from. Students also Select their products prices, 
Subject to range limitations (for example, prices must be 
positive numbers). 
0.053 Investing in Business Processes: Students improve 
their product’s busineSS process traits and aggregate traits by 
investing in their firm's business characteristics (for 
example, purchasing/Scraping production capacity, retooling 
a factory, hiring new Salespeople, or purchasing more adver 
tising). The results are determined by equations that take the 
firm's characteristics and the Student's investment decisions 
as the independent variables and yield the values of busineSS 
proceSS traits. 
0.054 Equations giving a firm's characteristics can affect 
either busineSS processes traits or firm characteristics, Such 
as labor productivity. For examples of the use of equations 
in determining busineSS process traits and firm characteris 
tics, see: Steven Gold and Thomas Pray, “The Production 
Frontier: Modeling Production in Computerized Business 
Simulations,"Simulation and Games, vol. 20 (September 
1989): pp. 300-318; Precha Thavikulwat, “Modeling the 
Human Component in Computer-Based Business Simula 
tions.”Simulation and Gaming, vol. 22 (September 1991): 
pp. 350-359; Steven Gold, “Modeling Short-Run Cost and 
Production Functions in Computerized Business Simula 
tions.”Simulation and Gaming, vol. 23 (December 1992): 
pp. 417-430; and Precha Thavikulwat, “Product Quality in 
Computerized Business Simulations,'Simulation and Gam 
ing, vol. 23 (December 1992): pp. 431-441. 
0.055 Modeling Innovation: The appendix provides a 
more detailed description of the prior art of MTS and also 
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provides a general description of the prior art methods of 
modeling innovation, modeling technological advance, and 
the prior art product value functions. 
0056 Deficiencies of the Prior Art: The prior art MTSs 
Suffer from Six primary deficiencies: 

0057 1. The prior method of modeling innovation only 
Simulates the outcome of innovation (Success or fail 
ure). It does not model the processes that produce the 
outcome. Because of this, prior art MTSs do not offer 
Students the opportunity to experience the process of 
innovating or the opportunity to learn how to manage 
innovation. 

0058 2. Representing only the outcome of the inno 
Vation process, the prior art method of modeling inno 
Vation does not represent the role of information, 
knowledge, and decision making in innovation. AS a 
result, the prior art represents the management of 
innovation as an investment decision (how much to 
invest and when) rather than as a task of producing, 
exploiting, and managing knowledge. 

0059) 3. The prior art method for simulating techno 
logical advance only simulates a Small number of new 
opportunities. Real technological advances create a 
multitude of opportunities. Because of this deficiency, 
prior art MTSs cannot provide students with practice in 
managing through technological change. Moreover, 
this deficiency will adversely affect an MTSs dynam 
ics and Simulation of competitive markets. 

0060 4. Because of the value function used by prior art 
MTSs, prior art MTS are suitable only for teaching the 
management of established businesses (low uncertainty 
Situations). These situations include, for example, pric 
ing, designing, positioning, and promoting products in 
established markets (i.e., basic marketing). This limi 
tation on their effective use arises from three conse 
quences of the value functions that they use: 
0061 4.1. Students can choose any attribute, leave 

all other attributes unchanged, and increase a prod 
uct's value by improving the characteristic expressed 
by the chosen attribute (assuming the chosen 
attribute is not already expressing its ideal charac 
teristics). Because of this, a student can address each 
attribute independently. 

0062 4.2. By making a series of small changes in a 
product’s design, a Student can produce a Sequence 
of designs. Such that (1) each Subsequent design 
increases product value and (2) the Sequence ends 
with the ideal product. Furthermore, this property 
holds regardless of the order in which a student 
addresses the product attributes. 

0063 4.3. The marketplace information produced 
by prior art MTSs is highly reliable. 

0064.) Information about the value of products provides a 
lot of information about the value of all other products. 

0065 Because of these three qualities of prior art 
value functions, known MTSs are not suitable for 
teaching the management of entrepreneurial enterprises 
(high uncertainty situations). These situations include, 
for example, developing new core competencies, 
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developing radical innovations, managing technologi 
cal change, and reinventing one's business. 

0066 5. The prior art poorly models knowledge and 
knowledge concepts. Because of this, known MTSs 
cannot usefully address the role of knowledge in a 
Student's decisions or management of his simulated 
firm (Such as, innovation, core competencies, and the 
management of risk). Neither can the prior art represent 
the influence of knowledge on an industry’s dynamics. 

0067 6. Prior art MTSs cannot illuminate nor analyze 
a student's decision procedures—even though chang 
ing these procedures is their goal. Because of this, 
known MTSs must teach through an indirect method. 
With repeated Simulations of a decision situation, a 
Student tests a variety of ideas and analyzes the con 
Sequences. When the consequences differ from his 
expectations, he is Surprised. Through iterative trial, 
analysis, and Surprise, he learns. With this indirect 
method, a Student learns only as well as he invents 
ideas and induces lessons. 

0068 The present invention improves over the prior art 
by creating a new modeling relationship between a products 
design and its value. The consequences of this change are 
great. Embodiments of the present invention can provide a 
Superior model of innovation and technological advance, 
highlights the role of information and knowledge in man 
agement and in an industry’s dynamics, and provides a 
means of explicitly representing a student's development 
and application of knowledge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0069. The foregoing brief description, as well as other 
features and advantages of the present invention, will be 
understood more completely from the following detailed 
description of illustrative embodiments, with reference 
being made to the accompanying drawings, in which: 
0070 FIG. 1 is a block diagram of an MTS; 
0071 FIG. 2 is a block diagram of the standard archi 
tecture of a competitive industry MTS; 
0.072 FIG. 3 depicts a single peaked value function; 
0.073 FIG. 4 depicts a multipeaked value function in a 
three-dimensional landscape representation of product value 
Versus two attributes, 
0.074 FIG. 5 depicts a multipeaked value function in a 
matrix representation, with the matrix entries representing 
the value of the function for differing combinations of two 
attributes, 

0075 FIG. 6 depicts a 'slice from FIG. 4 in a two 
dimensional curve representation wherein one attribute is 
held constant; 

0076 FIG. 7 depicts a 'slice from FIG. 4 in a two 
dimensional curve representation wherein one attribute is 
held constant; 
0.077 FIG. 8 is a block diagram illustrating the architec 
ture of an MTS in accordance with the present invention; 
0078 FIG. 9 illustrates a product in the illustrative 
embodiment; 
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007.9 FIG. 10 is a representation of a display presenting 
a firm's characteristics, 

0080) 
database; 

0081 FIG. 12 is a representation of a display of an 
interface; 

FIG. 11 is a representation of a display of a market 

0082 FIG. 13 depicts a student's portfolio of projects; 
0083 FIG. 14 depicts a measurement of a student's 
development of a core competency; 

0084 FIG. 15 is an illustration of a covariation contin 
gency table, 

0085 FIG. 16 illustrates an object in accordance with the 
present invention; 
0086 FIG. 17 is a block diagram illustrating the archi 
tecture of a competitive industry MTS in accordance with 
the present invention; 
0087 FIG. 18 is a block diagram illustrating the archi 
tecture of a general case MTS in accordance with the 
present invention; 
0088 FIG. 19 is a block diagram illustrating the archi 
tecture of an auction MTS in accordance with the present 
invention; 

0089 FIG. 20 illustrates a hardware arrangement for 
implementing the present invention; 

0090 FIG. 21 illustrates a process flow for evaluating a 
Student's design; 
0091 FIG. 22 illustrates a process flow for developing 
the decision-making skills of a user or for representing 
changes in design opportunities, 

0092 FIG. 23 illustrates a form for providing search 
queries of the marketplace; 

0093 FIG.24 presents the vertices for a Traveling Sales 
man Problem (TSP) 
0094 FIG. 25 is a matrix of the distances between the 
vertices of the TSP of FIG. 24; 

0.095 FIG. 26 shows the vertices of the TSP of FIG. 24 
now in new locations as a result of altering the applicable 
value function that is used in a Simulation configured in 
accordance with an embodiment of the present invention; 
0096 FIG. 27 is a matrix of the distances between the 
vertices of FIG. 26; 

0097 FIG. 28 illustrates an exemplary set of attributes 
and their respective interactions, 
0.098 FIG. 29 is a table showing the contribution to 
design value of the attributes of FIG. 28 given the designs 
possible for the object in FIG. 28; 

0099 FIG. 30 is a table showing revised contributions 
for the attributes in FIG. 28, constituting an alteration of the 
nk-landscape function depicted in FIGS. 28 and 29; 

0100 FIG. 31 illustrates an exemplary attribute-charac 
teristic representation of an object in which there are mul 
tiple design and System-Set attributes, 
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0101 FIG. 32 illustrates hypothetical interactions of 
System-set attributes with design attributes (interactions of 
design attributes with design attributes are not shown) as are 
governed by the particular value function being used at a 
given point in time in a simulation; 
0102 FIG. 33 illustrates an exemplary form that can be 
used to submit R&D queries; 
0103 FIG. 34 illustrates exemplary results of processing 
a form such as shown in FIG. 33 in a given simulation; 

01.04] 
MTS; 

FIG. 35 is a block diagram of an asynchronous 

0105 FIG. 36 is a diagram of an exemplary nk-landscape 
function, including a design object's attributes, interactions, 
and a table showing the attributes contributions to value; 

0106 FIG. 37 is a diagram of modified version of the 
nk-landscape function depicted in FIG. 36 and a table 
showing the attributes contributions to value, 
0107 FIG.38 is a diagram of an exemplary nk-landscape 
function where only Some attributes contribute to the cal 
culation of value, the diagram including a design object with 
eight attributes and interactions, and a table showing the 
attributes contributions to value; 

0108 FIG. 39 is an exemplary design object having 
Segments, 

0109 FIG. 40 is an exemplary design object having 
Segments that are more complex that the design object 
depicted by FIG. 39; 
0110 FIG. 41 is an exemplary segmented design object 
for an object where a Selected value function evaluates only 
One Segment, 

0111 FIG. 42 is an exemplary segmented design object 
for an object where different selected value functions evalu 
ate each Segment of the object design; 

0112 FIG. 43 is an exemplary segmented design object 
that has overlapping Segments, 

0113 FIG. 44 is an exemplary segmented design object 
having a Segment of product attributes and three market 
Segment attributes, 
0114 FIG. 45 is an exemplary segmented design object 
having a Segment of design attributes and a Segment of 
System-Set attributes, 

0115 FIG. 46 is a table giving the full attribute-charac 
teristic representation for a design of a design object that has 
multiple values and two market Segments, 

0116 FIG. 47 is a block diagram showing the compo 
nents used in modeling manufacturing with an attribute 
characteristic representation; 

0117 FIG. 48 is a process flow for purchasing manufac 
turing capacity; 

0118 FIG. 49 illustrates a form for purchasing manufac 
turing capacity; 

0119 FIG. 50 is a process flow for calculating manufac 
turing qualities, 
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0120 FIG. 51 is a schedule for calculating manufactur 
ing qualities by comparing product designs to capacities 
Specificities, 

0121 FIG. 52 illustrates a form for scheduling produc 
tion and calculating manufacturing qualities, 

0.122 FIG. 53 is a table giving the extra per unit cost of 
manufacturing as a function of the characteristics expressed 
by a product, with the table showing a cost Schedule to use 
at the Start of a simulation and a Second cost Schedule that 
takes effect during a simulation; 
0123 FIG. 54 is a block diagram illustrating the archi 
tecture of an MTS with a directing condition manipulator for 
Simulating technological advances, 
0.124 FIG. 55 is a process flow illustrating the integra 
tion of a directing condition manipulator into an MTS, 

0.125 FIG. 56 illustrates a list of targets and a design 
object used for Simulating pharmaceutical R&D, where one 
Segment of the design object represents a molecule and the 
other Segment representing the molecule's target, which is 
Selected from the table; 
0.126 FIG. 57 is a block diagram showing the compo 
nents used in modeling R&D resources with an attribute 
characteristic representation; 

0127 FIG. 58 is a table of market opportunities used in 
the illustrative embodiment; 

0128 FIG. 59 is a table of projects in stage 1 of R&D, 
used in the illustrative embodiment; 

0129 FIG. 60 is a table of projects in stage 2 of R&D, 
used in the illustrative embodiment; 

0130 FIG. 61 is a table of projects in stage 3 of R&D, 
used in the illustrative embodiment; 

0131 FIG. 62 is a picture of the R&D laboratory, used in 
the illustrative embodiment, which illustrates the testing of 
designs, the creation of a stage 2 Subproject, and the use of 
filters and Sorts, 

0132 FIG. 63 is a picture of the R&D laboratory, used in 
the illustrative embodiment, illustrating the use of the Stage 
filter; 

0133 FIG. 64 is a picture of the R&D laboratory, used in 
the illustrative embodiment, illustrating the creating of a 
Stage 1 project; 

0.134 FIG. 65 is a diagram of the design objects of the 
illustrative embodiment, illustrating design attributes, SyS 
tem-Set attributes, and interSegment interactions, 

0135 FIG. 66 illustrates the Project Decisions form in 
which the user of the illustrative embodiment enters deci 
Sions, 

0136 FIG. 67 illustrates a Project Decisions form after a 
user has entered decisions, 

0137 FIG. 68 illustrates the Project Statistics table that 
displayS Statistics about the projects in a product develop 
ment portfolio, used in the illustrative embodiment; 
0138 FIG. 69 illustrates the Project Statistics table after 
the user has entered estimates, 
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0139 FIG. 70 illustrates the Project Evaluation form 
used to evaluate projects in the illustrative embodiment; 
0140 FIG. 71 illustrates the Project Evaluation form 
after a user has evaluated projects, 
0141 FIG. 72 is a pie chart illustrating the fate of market 
opportunities in a run of the illustrative embodiment; 
0142 FIG. 73 is a chart illustrating financial measures 
calculated and charted at the end of a training Session with 
the illustrative embodiment; 
0143 FIG. 74 illustrates a table displaying R&D statis 
tics, calculated at the end of a training Session with the 
illustrative embodiment; 
014.4 FIG. 75 is a process flow for using the illustrative 
embodiment to teach the management of a portfolio of 
product development projects, 

014.5 FIG. 76 is a table describing market opportunities 
during a training Session with the illustrative embodiment; 
0146 FIG. 77 is a process flow for using the illustrative 
embodiment configured So that the user does not enter, nor 
need be aware of, design object or object categories, 

0147 FIG. 78 illustrates the Project Decisions form used 
when the illustrative embodiment is configured so that the 
user does not enter, nor need be aware of, design objects or 
object categories, 

0148 FIG. 79 is a process flow for calculating qualities 
of a busineSS process that uses resources, and 
014.9 FIG. 80 is a block diagram illustrating an archi 
tecture in which a user's input decisions need not include 
object designs or object categories, in accordance with 
certain aspects of the present invention. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THE INVENTION 

0150. By way of overview, the present invention 
improves MTSs by building upon new ideas from the fields 
of evolutionary economics, evolutionary biology, and 
genetic algorithms, and from Studies in the management of 
innovation. Primarily, and with additional important conse 
quences, the present invention improves MTSs modeling of 
information, knowledge, and innovation. For the purpose of 
exposition, the Sections titled “Introduction and Definitions, 
"Illustrative Embodiment,”“Ramifications,” and "Embodi 
ments that Make Two Great Improvements to MTSs” 
describe the specific class of MTSs called competitive 
industry MTSs. Those versed in the art will appreciate that 
the invention described herein also applies to MTSs that 
emphasize other busineSS Situations. Thus, the later Section 
titled “The General Case” describes more general instantia 
tions of the current invention. In addition, Several Sections 
further broaden the Scope of this disclosure in addressing 
additional features, aspects, and issues that relate to Simu 
lations. These Sections discuss embodiments of components 
on the invention (value functions and design objects), addi 
tional applications, a Second illustrative embodiment, Vari 
ous hardware configurations, and flowcharts of Some par 
ticularly useful embodiments. 
0151. An MTS, in accordance with the present invention, 
is a departure from prior art Simulations in its use of 
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attribute-characteristic representations of products, and the 
use of new product value functions. The use of product 
categories is also new. These concepts are introduced and 
defined below, and the consequences of incorporating these 
new features into MTSs are discussed thereafter in connec 
tion with an illustrative embodiment, ramifications, and two 
great improvements to MTSs. 
0152 Aspects of the invention are presented in eleven 
Sections. The Sections are as follows: 

0153. Section 1, “Introduction and Definitions,” intro 
duces fundamental components of the invention. 

0154 Section 2, “An Illustrative Embodiment: Com 
petitive Search of a Product Value Function,” describes 
an embodiment that is simplified to show how the main 
components function together. 

O155 Section 3, “Ramifications,” describes important 
ramifications of the invention. 

0156 Section 4, “Embodiments that Make Two Great 
Improvements in MTSs,” presents two of the major 
uses of the invention. These are Simulating innovation 
and analyzing students (users) decisions and judg 
mentS. 

0157 Section 5, “The General Case,” illustrates that 
the Scope of the invention exceeds the description of 
the illustrative embodiment. 

0158) Section 6, “Value Functions,” describes various 
ways of using value functions. 

0159) Section 7, “Design Objects,” describes various 
way of using design objects. 

0160 Section 8, “Additional Applications in MTSs,” 
describes modeling marketing, technical advance, 
R&D, and manufacturing with the present invention. 

0161 Section 9, “An Illustrative Embodiment: Man 
aging a Portfolio of Product Development Projects,” 
describes another embodiment that shows the modeling 
of R&D and Segmented object designs. 

0162 Section 10, “Hardware Configurations,” 
describes various hardware configurations for running 
the invention on computers. 

0163) Section 11, “Flowcharts of Some Useful MTSs,” 
presents flowcharts of Some useful configurations of the 
invention. 

0164. What follows is an outline and presentation of 
these Sections. 

0.165 Section 1: Introduction and Definitions 
0166) 
0167) 
0168) 
0169 
0.170) 
0171 

0172 6.1 Quantitatively Varying Attributes 
0173 6.2 Qualitatively Varying Attributes 
0174) 6.3 Dual Varying Attributes 

1. Products 

2. Product Categories 
3. The Product Value Function 

4. A Visual Metaphor 
5. Correlation 

6. Some Examples of Value Functions 
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0175 7. Selecting Good Products 0218 Section 4: Embodiments that Make Two Great 
0176 7.1 Subject of an Optimization Problem Improvements in MTSs 

0177 7.2 Products with Components (or usin A Mrswil superio Mod. 
0178 7.3 Visual Design Objects 
0179 7.4 Chemical Formulas 

0180 Section 2: An Illustrative Embodiment: Competi 
tive Search of a Product Value Function 

0181 1. Marketplace Specifications 
0182 1.1 Products 
0183) 1.2 The product Value Function 
0184) 1.3 The Market 
0185. 1.4 Technological Advance 
0186 1.5 Royalties 
0187 1.6 Manufacturing 

0188 2. Firms’ Specifications 
0189 3. The Interface 
0190. 4. Students’ Tasks 

0191) 4.1 Marketing Analysis 
0192 4.2 Management 

0193 5. The Market Database Specifications 
0194 6. The Operation of the Illustrative Embodiment 
0195 6.1 Steps One, Two, and Three 
0196) 6.2 Step Four 
0197) 6.3 Step Five 
0198 6.4 Initializing the Learning Session 
0199 6.5 Simulating a Technological Breakthrough 

0200) Section 3: Ramifications 
0201 1. Designing Products 

0220) 1.1 Properties of Innovation 
0221 1.2 Managing Innovation 

0222 2. Improvement 2: Personalized Decision Analy 
sis and Training 
0223 2.1 Covariation Assessment 
0224 2.2 Categorization 
0225 2.3 Judgment 

0226 Section 5: The General Case 
0227 1. Manufacturing 
0228 2. Design Competition 
0229) 3. Auction 
0230. 4. Teamwork 
0231 5. Asynchronized Simulations 

0232 Section 6: Value Functions 
0233 1. The nk-Landscpae 
0234 2. Evaluating a Portion of a Design 
0235 3. Using Other Information in an Evaluation 
0236 4. Multiple SVFs 
0237) 5. Changing the Value Function 

0238) Section 7: Design Objects 
0239) 1. Design Objects are More General than Prod 
uctS 

0240 2. Object Categories 
0241 3. Segmented Design Objects 
0242 4. Segmented Design Objects and SVFs 

0202) 2. Projects 
O2O3. 3. P 0243 4.1 SVF Evaluates the Entire Design Object 

. PerSpectVe 
p 0244 4.2 SVF Evaluates a Segment of a Design 

0204 4. Innovation Object 
0205 5. Short- and Long-Run Strategies 0245 4.3 Different SVFs Evaluate Each Segment 
0206 6. A Continuum of Innovations, Incremental Through Radical 0246 4.4 SVFs Evaluating Overlapping Segments 

0207 7. Technological Advance 
0208) 8. Measurability of Information 
0209) 9. Other Important Properties of Innovation 
0210 10. Explicit Representation of Knowledge 

0211) 10.1 Product Categories 
0212 10.2 Perspective 

0213 11. Core Competencies 

0247 5. Examples of Using Segmented Design 
Objects 

0248) 5.1 Market Segments 
0249 5.2 Teamwork 
0250) 5.3 Specialized Knowledge 

0251 5.4 Interfirm Collaboration 
0252) 5.5 Pharmaceutical R&D 

0214) 12. Industry Life Cycles 0253) 5.6 Product Applications 
0215 12.1 Fluid Stage 0254 6. System-set Attributes 
0216) 12.2 Transition Stage 0255 6.1 System Shocks 
0217 12.3 Stable Stage 0256 6.2 Multiple Market Segments 
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0257) 
0258 
0259 

0260 7. Design Objects with Multiple Values 
0261 Section 8: Additional Applications in MTSs 

0262. 1. Modeling Manufacturing 
0263. 2. Modeling Marketing 
0264 3. Modeling R&D 

6.3 Changes in Consumer Tastes 
6.4 System Components 

6.5 Research and Development 

0265. 4. Simulating Technological Advances, or More 
Generally, Directing the Simulation to Subsets of 
Design Objects 

0266 Section 9: An Illustrative Embodiment: Managing 
a Portfolio of Product Development Projects 

0267. 1. Product Development Portfolio 
0268 2. Design Objects and SVF 
0269. 3. The User's Goal 
0270. 4. Projects and Portfolios 
0271 5. A Three Stage Portfolio 
0272) 6. Research and Development (R&D) 
0273 7. Why Three Stages of R&D? 
0274 8. Promoting Projects, Canceling Projects, 
and Allocating ReSources 

0275 9. Project Evaluation 
0276) 10. Performance Evaluation 
0277 11. Architecture 
0278) 
0279) 
0280 14. Hidden Attribute-Characteristic Represen 
tation and SVF 

0281 15. Diagnosis and Evaluation 
0282) 16. Alternative Configurations 

0283 Section 10: Hardware Configurations 

0284) 1. Stand Alone 
0285 2. Multiple Computers with Floppy Disks 
0286 3. Network Configurations 

0287) Section 11: Flowcharts of Some Useful MTSs 

12. Operation 
13. Other Measures of Time 

0288 1. Flowchart for Evaluating a User's Design 
Performance 

0289 2. Flowchart for Developing a User's Decision 
Making Skills 

0290 These sections are next presented, in order. 
0291 Section 1: Introduction and Definitions 
0292 Products: Recall that some known MTSs describe 
products with attributes. For example, one may describe the 
design of an automobile with a list of attributes that includes 
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physical qualities (Such as color, size, and shape), features 
(Such as antilock brakes and power windows), and abilities 
(top speed, city miles per gallon, highway miles per gallon). 
Using this representation Scheme, automobiles are objects 
composed of the following attributes (style, engine type, 
drive train type, exterior color, window feature, brake fea 
ture, top speed, city mpg, highway mpg). Each attribute 
varies either quantitatively (for example, city mph and top 
Speed) or qualitatively (for example style). Using a value 
function of a type described below, one can also have 
attributes that vary both qualitatively and quantitatively. An 
example of Such an attribute is color. Color may vary 
qualitatively (for example, red, blue, and green) and in 
intensity (light blue to dark blue). One can represent inten 
sity quantitatively with a number (for example, a ten point 
Scale). I call an attribute that can vary both qualitatively and 
quantitatively a dual varying attribute. Including a dual 
variable attribute in the automobile example, automobiles 
are objects composed of the following attributes (style, 
engine type, drive train type, exterior color (intensity), 
window feature, brake feature, top speed, city mpg, highway 
mpg). A specific automobile is identified by the vector of 
characteristics (sports car, 4-cylinder engine, front wheel 
drive, blue exterior (intensity=5), . . . , electric windows, 
anti-lock brakes, 115 mph, 23 city mpg, 33 highway mpg). 
With this method, every product design is represented with 
a unique Vector of characteristics. This method of represent 
ing a product's design is called an attribute-characteristic 
representation. 

0293. The attribute-characteristic representation is much 
more general than demonstrated by the preceding automo 
bile example. The number of attributes in a product design 
can vary throughout a learning Session and from product 
to-product (like the way in which word length varies in a 
game of Scrabble). Attributes can be real valued (Such as top 
Speed), integer valued (such as an integer Scale of one to 
ten), or qualitative (Such as a letters). In the case of quali 
tatively varying attributes, each attribute can express char 
acteristics from different sets of characteristics (colors ver 
SuS styles in the automobile example); characteristics from 
the same Set, with duplications allowed (for example, letter 
combinations that produce words); or characteristics from 
the same Set, without duplications (permutations). In addi 
tion, attributes can be diploid (Such as dual varying attributes 
and the dominant-recessive genes made famous by Gregor 
Mendel's experiments with peas), triploid, or even more 
complex. Also, the attribute-characteristic method of 
accounting for a product’s design can be recorded as a vector 
(as done above), with a matrix, as a single number, or 
through other Suitable means. 

0294 The attribute-characteristic representation provides 
the means for representing all valid product designs. Recall 
that an attributes domain Specifies all of the possible 
characteristics that the attribute can express. The Set of all 
valid product designs is produced by taking the croSS 
product of all the attribute domains (that is, taking every 
combination of characteristics). 
0295) The form of the attribute-characteristic representa 
tion is determined on a case-by-case basis with regard to the 
purpose of the MTS, the value function utilized (see below), 
and the available data Structures. 
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0296 Product Categories: A product set defined by prod 
uct characteristics is called a product category. A notable 
quality of the attribute-characteristic representation of prod 
uct designs is that one can readily define Sets of products by 
characteristics. This quality is not important in prior art 
MTSs but, for reasons described below, is useful in the 
present invention. For qualitatively varying attributes, one 
defines a product category by the presence or absence of one 
or more characteristics. Three examples of product catego 
ries are (1) Sports cars, (2) cars with four cylinder engines, 
and (3) Sports cars with four cylinder engines. On the other 
hand, for quantitatively varying attributes, one defines a 
product category by Specifying a range of values for the 
attribute. Three examples of Such a product category are (1) 
cars with a top speed between 90 mph and 110 mph, (2) cars 
that have at least 20 city mpg, and (3) cars with a top speed 
between 90 mph and 110 mph and have at least 20 city mpg. 
In defining product categories, dual varying attributes are 
specified by the combining of the two methods illustrated 
above (for example, blue cars with color intensity between 
3 and 7). A product category, therefore, can be defined based 
on the presence and/or the absence of attributes and can 
include any combination of qualitative or quantitative or 
other type of attributes. 
0297. The Product Value Function: The product value 
function assigns a value to each product. An important 
concept for understanding the kind of value functions used 
in the present invention is interactions. One can understand 
interactions by considering how attributes and characteris 
tics contribute to a products value. Interactions exist when 
an attribute’s contribution to the value function depends 
upon the characteristics expressed by one or more other 
attributes. For example, how much value does a red exterior 
add to the value of a particular automobile? This question is 
difficult to answer. The value of a red exterior depends upon 
an automobile's Style. It is highly valued on Sports cars but 
not on limousines. In this example, the contribution-to 
product value of a particular characteristic expressed by one 
attribute (here, exterior color) depends upon the character 
istics expressed by other attributes (e.g., style). This effect is 
called an interaction and for Some attribute-characteristics 
can be associated with “frustration.” 

0298 Frustration occurs when improving one attribute’s 
contribution to product value decreases the contributions of 
other attributes. Strong frustration exists when the effect 
decreases the total product value and Such frustration makes 
product design a difficult task. In the automobile example, 
changing the characteristic expressed by the Style attribute 
from Sports car to limousine increases the contribution of the 
style attribute to the products value. Simultaneously, this 
change decreases the contribution of the red color expressed 
by the exterior color attribute. In total, the value of the 
automobile decreases. 

0299 AS used herein, a product value function in which 
interactions produce Strong frustration and therefore exhibit 
multiple otpima are referred to as “multipeaked value func 
tion' (see the glossary). The present invention uses multi 
peaked value functions in an MTS to more closely model, 
among other things, innovation. These functions can be 
found in optimization problems from a variety of fields, 
including combinatorial optimization, genetic algorithms, 
cellular automata, computer Science, molecular biology, 
management Science, and evolutionary biology. Specific 
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examples of optimization problems that include a multi 
peaked value function include designing the layout of an 
integrated circuit, finding the Shortest tour connecting a Set 
of cities, Scheduling production in a factory, and finding a 
protein that catalyzes a particular reaction. 
0300 A Visual Metaphor: One can understand the mul 
tipeaked value function, and its difference from the prior art 
distance value functions described in the Appendix using a 
Visual metaphor. Consider all possible product designs to lie 
along a horizontal Surface, with Similar products lying close 
to each other and dissimilar products lying far from other 
products. ASSuming no dual varying or Similarly complex 
attributes, if a product has n attributes, one would need an 
n-dimensional Space to properly accomplish this task. A 
Visual metaphor is appropriate for considering a two 
attribute product. 
0301 To complete the visual metaphor, a mark is placed 
above each product at a height equal to the Overall value of 
the product that it resides above. When this task is com 
pleted, one has created a distribution of product values over 
the Surface of the products. This multidimensional arrange 
ment of products together with the distribution of product 
values is called a product Space. The shape of the distribu 
tion of product values in a product space is called the 
product space's topology. 
0302) The product space's topology shows how design 
quality varies over the product space. The product space can 
be visualized as a mountain range with the most valued 
products lying on the Surface beneath mountain peaks and 
the least valued product lying on the Surface beneath Valleys. 
The topology of the mountain range Significantly affects the 
nature of students task in an MTS and the dynamics of an 
MTS. Does the product space topology resemble Mount 
Fuji: a Single peak, with broad, Smooth slopes? Does the 
product space topology resemble the Rocky Mountains: 
many peaks of varying heights, Valleys of varying depths, 
and Sudden changes in altitude? 
0303. In both the visual metaphor and the real multidi 
mensional product space, the amount of frustration among 
attributes determines the topology of the product space. If 
there is no strong frustration (as in the prior art, where there 
is no frustration-See Appendix), the topology is Mount 
Fuji-like, that is, single peaked. FIG. 3 provides a two 
attribute example. In this figure, products have two attributes 
(plotted along two of the axes), each of which expresses a 
real number between one and four. The value function is 
Single peaked like a pyramid or cone to pick two basic 
geometric forms. The product value varies from Zero to three 
(along the third axis). 
0304. However, when strong frustration exists, the prod 
uct space can have a multipeaked topology. In formal terms, 
a multipeaked value function has as least one local optimum, 
in addition to a global optimum. FIG. 4 provides an illus 
tration of a two attribute, multipeaked value function in 
which the two attributes exhibit strong frustration. As 
described below, it is the complex topology that produces 
the unique qualities of the present invention. For a discus 
Sion of value function topography, See: Stuart Kauffinan, The 
Origins of Order: Self-Organization and Selection in Evo 
lution (New York: Oxford University Press, 1993), chapter 
2 

0305. In addition to its multiple optima, multipeaked 
value functions of the type used in the present invention 
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possesses another property absent from Smooth and Some 
rugged value functions: an optimal product cannot be dis 
covered by varying the attribute-characteristics indepen 
dently. To illustrate this property, consider a product that has 
two attributes: a and a, where each attribute expresses an 
integer between one and ten. Suppose that the product in the 
product space with the highest value has a =3. In the prior 
art value functions, for any value of a three is the best 
choice for a. Because of this, Students using prior art MTSs 
can find the best product by treating each attribute indepen 
dently (see the appendix). In the example above, once a 
student has discovered that three is the best value for 
attribute one, he need not consider attribute one again. He 
can focus exclusively on finding the best value for attribute 
two. However, when a multipeaked value function is used, 
the best value for an attribute depends upon the character 
istics expressed by other attributes. FIG. 5 demonstrates this 
quality. 

0306 FIG. 5 shows a value function for products that 
have two attributes, each expressing a characteristic from the 
set {A,B,C,D}. In FIG. 5, no two rows have their highest 
value in the same column. Likewise, no two columns have 
their highest value in the same row. FIGS. 6 and 7 illustrate 
this same quality for the value function depicted in FIG. 4. 
Each figure depicts a slice that shows how the value 
function varies with X for a different particular value of X. 
As can be seen, the best value for x in FIG. 6 is not the best 
value for X in FIG. 7. Because of this quality of multi 
peaked value functions, students cannot find the optimal 
product by considering each attribute independently. 
Instead, Students must simultaneously consider Several 
attributes, and this interaction of attributes has consequences 
described below. 

0307 Correlation: Correlation is a function of the product 
value function and is closely related to product Space 
topology. In important embodiments of the invention, Stu 
dents will use their knowledge of the value of one product 
design to predict the values of others and the quality (fit) of 
their prediction depends on correlation. The capability of 
information about the values of products to predict the 
values of other products is given by measures of correlation. 
For this reason, measures of correlation are useful in Select 
ing the value function that produces the information prop 
erties desired for a particular MTS. 
0308 The predictive capacity of information increases 
and decreases with measures of correlation. These measures 
show that Single peaked value functions are highly corre 
lated over the product Space. Information about the values of 
products provides Significant information about the values of 
many other products. For multipeaked value functions, 
correlation decreases with Strong frustration. Specifically, if 
changes in product design or product category definition 
include changes to attributes that exhibit Strong frustration, 
correlation will decrease faster than in Single peaked value 
functions. For an example of this effect, see: Bernard Man 
derick, Mark de Weger, and Piet Spiessens, “The Genetic 
Algorithm and the Structure of the Fitness Landscape,” in 
Proceedings of the Fourth International Conference On 
Genetic Algorithms, edited by Richard Belew and Lashon 
Booker (San Mateo, Calif.: Morgan Kauffinann Publishers, 
1991), pp. 143-150. As more or larger Such changes occur, 
correlation will decrease even faster. Because of this quality, 
correlation on multipeaked landscapes is typically high for 
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only Small changes. Metaphorically, this means information 
is useful only in making localized predictions about the 
mountain range topology. 
0309 Students can use either of two methods to predict 
product values: 

0310) 1. Students will use their knowledge of the value 
of a Specific product to predict the resulting value of 
design changes. For example, how well does the value 
of the automobile (sports car, 4-cylinder engine, front 
wheel drive, blue exterior, . . . , electric windows, 
anti-lock brakes) predict the value of the automobile 
(utility vehicle, 4-cylinder engine, front wheel drive, 
blue exterior, ..., electric windows, anti-lock brakes)? 
The capability of knowledge of the value of one 
product to predict the values of other products depends 
on how correlation varies with changes in a products 
design. 

0311) 2. Students may also use the value of products in 
a category to predict the values of products in another 
category. For example, what do Strong Sales of front 
wheel drive Sports cars indicate about the values of rear 
wheel drive sports cars? The values of products in one 
category will be good predictors of the value of prod 
ucts in another category if the categories are correlated. 

0312 For each type of prediction, and for the purpose of 
Selecting a value function for use in an MTS, appropriate 
measures of correlation exist: 

0313 To calculate the predictive capacity of knowledge 
of the value of a given product for the purposes of a design 
change, one uses an autocorrelation formula with changes 
Stemming from the existing product design. For a descrip 
tion of the autocorrelation function, See Manderick, et al., 
Supra. The autocorrelation function is usually discussed with 
reference to qualitatively varying attributes. For quantita 
tively varying attributes, one generates the required 
Sequences of designs by iterative applications of the follow 
ing steps: 

0314) 1. randomly choose an attribute, 
0315 2. randomly choose a number from the set {-X, 
+x}, where X is Small compared to the range which the 
attribute can vary, and 

0316 3. add the chosen number to the attribute’s value. 
By using a Small X, one ensures that the perturbation of 
the attribute is a Small Step in the mountain range. 

0317. To measure the correlation between two sets of 
products, one performs the following procedure: 

0318 1. Form a set of products consisting of the union 
of the two product categories. 

0319 2. From the union, randomly choose several 
different products (the quality of the estimate increases 
with the number of samples). 

0320 3. Ascertain that each randomly chosen product 
is a member of at least one of the product categories. To 
calculate correlation, each of the randomly chosen 
products must be paired with a product from the other 
product category. Specifically, pair the randomly cho 
Sen product with the product in the other category that 
is most similar. If Several products tie on this criterion, 
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randomly Select one of these products for pairing. In the 
case of qualitatively varying attributes, Similarity is 
defined as having the greatest number of characteristics 
in common. In the case of quantitatively varying 
attributes, Similarity is measured by a distance function, 
where products that are closer together are more simi 
lar. 

0321 4. For each pair of products, calculate the prod 
ucts values. 

0322 5. From the pairs of product values, one can 
calculate the correlation between the two product cat 
egories using the Standard equation from Statistics. 

0323 To aid an MTS designer in selecting a value 
function, there are Several useful correlation functions dis 
cussed in related academic research, as well as their rela 
tionship to product space topology, See: Manderick et al., 
Supra; See also Marc Lipsitch, "Adaptation on Rugged 
Landscapes Generated by Iterated Local Interactions of 
Neighboring Genes, “in Proceedings of the Fourth Interna 
tional Conference on Genetic Algorithms, edited by Richard 
Belew and Lashon Booker (San Mateo, Calif.: Morgan 
Kauffmann Publishers, 1991), pp. 128-135; Stuart Kauff 
man, The Origins of Order: Self-Organization and Selection 
in Evolution (New York: Oxford University Press, 1993), pp. 
63-66. Bernard Manderick, “Correlation Analysis,” in Tho 
mas Back, David Fogel, and Zbignies Michalewicz, Hand 
book of Evolutionary Computation (New York: Oxford 
University Press, 1997), section B2.7.3 (hereafter referred to 
as HEC). 
0324) Some Examples of Value Functions: The attribute 
characteristic representation and the value function work 
together; however, in order to apply an attribute-character 
istic representation, one must define a value function that 
can accept its form (that is its combination of qualitative, 
quantitative, and other, more complex attributes) or else the 
attribute-characteristic representation cannot be used in a 
model or Simulation. “Management Applications and Other 
Classical Optimization Problems,” by Volker Nissen in 
section F1.2 of HEC provides a list of references of aca 
demic articles that investigate the optimization of these kind 
of value functions. From reviewing these articles, one can 
find many examples of Suitable value functions, Some of 
which may be found to be Suitable to the task upon experi 
mentation. Some examples of Suitable multipeaked value 
functions for modeling innovation include: 
0325 Quantitatively Varying Attributes: One can create a 
multipeaked function by Summing multiple Single peaked 
functions, for example Gaussian distributions. The “after 
Fletcher and Powell' function described in Thomas Back's 
Evolutionary Algorithms in Theory and Practice (New York: 
Oxford University Press, 1996), offers another function for 
representing quantitatively varying attributes. In this case, 
each product attribute represents a coordinate axis. Using 
Back's formulas, one may incorporate any number of 
attributes. Such a function can be applied here to accom 
modate qualitatively varying attributes and dual varying 
attributes by coding one or more of the coordinate axes into 
a discrete representation. Genetic algorithms frequently con 
vert a real numbered axis into a base two (bit string) 
representation. A description of this process is given in 
Alden Wrights, “Genetic Algorithms for Real Parameter 
Optimization,” in Foundations of Genetic Algorithms, 
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edited by Gregory Rawlins (San Mateo, Calif.: Morgan 
Kauffman Publishers). Using an analogous process, one can 
convert a real numbered axis into a discrete representation of 
any base and with any number of attributes. 
0326 Qualitatively Varying Attributes: 
0327 1. One can use any continuous multipeaked 
function to model qualitatively varying attributes by 
converting the axes into a discrete representation. For 
example, one can convert each axis of a two dimen 
Sional “function after Fletcher and Powell' function 
into hexadecimal representation that has six digits. This 
would produce a product that has twelve qualitatively 
varying attributes, each expressing Sixteen characteris 
tics. Nk-landscapes: Biologist Stuart Kauffman devel 
oped nk-landscapes in his research into to the proper 
ties of rugged value functions. For a description of 
nk-landscapes, see Stuart Kauffman's The Origins of 
Order: Self-Organization and Selection in Evolution 
(New York: Oxford University Press, 1993), chapter 2. 
The nk-landscape is particularly useful because its 
parameters permit one to easily adjust its correlation 
properties. 

0328 2. Many combinatorial optimization problems 
provide Suitable value functions. For example, one can 
look to Scheduling or packing problems for Suitable 
functions. Ralf Burns's article “Scheduling,” in section 
F1.5 of HEC describes scheduling problems and also 
describes, with references, Several alternative attribute 
characteristic representations that one may use with 
scheduling problems. Similarly, Kate Juliffs article, 
“The Packing Problem,” in section F1.7 of HEC 
describes packing problems and also describes, with 
references, Several alternative attribute-characteristic 
representations that one may use with packing prob 
lems. 

0329 Dual Varying Attributes: The product value func 
tion for representing dual varying attributes can be the 
objective function used in combinatorial optimization prob 
lem of a traveling salesman problem (TSP). “The traveling 
Salesman problem is the problem of Visiting each vertex (i.e., 
city) in a full connected graph exactly once while minimiz 
ing a cost function defined with respect to the edges between 
adjacent vertices. In Simple terms, the problem is to mini 
mize the total distance traveled while visiting all the cities 
in a set of cities and returning to the point of origin.” 
Darrell Whitley, “Permutations,” in section C1.4 of HEC, p. 
C1.4:1. When using the objective function of a TSP, the 
characteristics expressed by attributes are the destinations 
(cities) in the TSP. 
0330. In order to create dual varying attributes, in accor 
dance with an aspect of the invention, one adds a reference 
point to the TSP. The intensity of any attribute is equal to the 
distance from the reference point. AS Students adjust the 
intensity of a dual varying attribute, the destination 
expressed by that attribute moves So that the new intensity 
equals the distance between the destination and the reference 
point. A products value is then calculated with this new 
configuration of destinations. Note that with this method, 
any number of attributes can be converted from qualitatively 
varying attributes to dual attributes. 
0331) Selecting Good Products? What kind of products 
could the System just described represent? Building a simu 
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lation around a real product presents two problems. First, 
fitting a multipeaked value function to a real products 
“value function” is problematic. Why should the real value 
function for automobiles be anything like a value function 
found in texts on genetic algorithms' Second, in many 
embodiments students seek the most valuable products. This 
means that Students should not already know the topology of 
the multipeaked value function. Students might already 
know the value function of a real product; for example, most 
people already know that red is a bad color for limousines. 
When building an embodiment of this invention, one should 
create compelling products for which Students do not know 
the topology of the multipeaked value function. The follow 
ing are Some useful examples: 

0332 1. Subject of an Optimization Problem: The 
product could be the Subject of an optimization prob 
lem. For example, Suppose one uses the objective 
function from a Scheduling problem as the multipeaked 
value function. The products can be schedules. This has 
three good results. The product is real. The multipeaked 
value function realistically represents the product val 
ues. The value function is too complex for Students to 
know it in advance. 

0333 2. Products with Components: One can build a 
fictitious situation from a known problem. One only 
needs a product with lots of interactions among its 
components. One example is a personal computer. In 
this case, the attributes represent System components 
and Software (operating Systems, device drivers, moth 
erboard, microprocessor, RAM, hard drive, CD-ROM, 
and others). The characteristics are different types and 
brands of components and Software. The interactions 
among the attributes Simulate how different compo 
nents work together. For example, the interactions 
between the RAM and processor can affect system 
performance. The characteristics should be fictitious. 
This way the students will not have preconceived 
knowledge or expectations about the multipeaked value 
function. 

0334 3. Visual Design Objects: Students might design 
a visual product, Such as flowers or paintings (Sold at a 
Simulated auction). Using the flower example, 
attributes can be the number, size, color, and color 
pattern of the petals; the size, color, and color pattern of 
the stem; and the number, Size, color, and color pattern 
of leaves on the stem. When designing a product, 
Students can use a drawing program. The Students need 
not See, nor even be aware of, the attribute-character 
istic representation. The value function gives each 
flower a market value for a fictitious market. Again, the 
Student must discover and learn about the interactions. 

0335 4. Chemical Formulas: The students can design 
chemicals, Such as medicinal drugs, plastics, or Sol 
vents. This is a natural fit because the properties of 
many chemicals are determined by interactions among 
their constituent components (for example, reactions 
involving proteins). Students can even see the symbolic 
attribute-characteristic representation used by the Simu 
lation. AS any organic chemistry textbook demon 
Strates, chemical formulas are Strings of letters. In this 
embodiment, the value function describes how the 
interactions of component molecules affect the chemi 
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cals properties. Properties can include, for example, 
ability to heal the Sick (medicinal drugs), strength 
(plastics), Stickiness (adhesives), or potency (Solvents). 

0336 Section 2: An illustrative Embodiment: Competi 
tive Search of a Product Value Function 

0337. A basic MTS embodying the present invention is 
described with reference to FIG. 8. In the following dis 
cussion, products are described as including only one trait; 
however, they can include additional traits including busi 
neSS process traits and aggregates. Thus, in the following 
description, products have only qualitatively varying 
attributes. In addition, for simplicity, the interface is mini 
mal, and firms have few characteristics. Though unembel 
lished, the embodiment shows how to incorporate multi 
peaked value functions in an MTS. From this example one 
can construct more Sophisticated MTSs, including product 
definitions which include System-Set attributes. 
0338 FIG. 8 displays the architecture of an MTS in 
accordance with the invention. Many of the components are 
similar to those of a conventional MTS: a marketplace (801), 
a plurality of firms controlled by students (805), and inter 
faces (807). In addition, however, the MTS in this embodi 
ment includes a market database (806) which contains 
records of each product’s Sale in all rounds of a learning 
Session. With this additional information, Students can ana 
lyze the entire history of the marketplace. 
0339 Preferably this embodiment comprises two pro 
grams and a spreadsheet file: 

0340) 1. Program #1 models the (a) marketplace (801) 
and (b) firms (805) and (c) provides an interface (807) 
for each Student. 

0341) 2. Program #2 is a spreadsheet program for 
viewing and analyzing the marketplace results (for 
example, Microsoft Excel or Lotus 123). 

0342. 3. Aspreadsheet file defines the market database p 
(806) containing a record of all of the marketplace 
results. 

0343. The functionality and operation of these compo 
nents are discussed next. 

0344 Marketplace Specifications 
0345 Products: Products are comprised of an arbitrary 
number of attributes (e.g., n=10). Each attribute varies 
qualitatively and can express one of twenty-six characteris 
tics. These characteristics are represented by the letters of 
the alphabet. For example, the sequences ASDFGHIJKLL 
and 'QWERTYUIOP' are different products. FIG. 9 dis 
plays the product ASDFGHJKLL having ten fields (90.1- 
910). The letter in each field is the characteristic expressed 
by (that is, the instantiated value of) the corresponding 
attribute in the product ASDFGHJKLL. 
0346) The Product Value Function: In this illustrative 
embodiment the value of a product is calculated with an 
nk-landscape function, although other multipeaked value 
functions can be used. An nk-landscape has four parameters 
that are important for the illustrative embodiment. These are 
(1) the number of product attributes, n, (2) the number of 
characteristics that each attribute can express, b, (3) the 
average number of interactions per attribute, k, and (4) the 
arrangement of the interactions over attributes. The third and 
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fourth parameters make nk-landscapes particularly useful. 
They permit adjusting the amount of interactions, frustra 
tion, and correlation in the nk-landscape. By adjusting k one 
can achieve an appropriate multipeaked value function for 
use in an MTS, as described next. 

0347 The values of n, k, and b are selected to produce an 
appropriate product value function. AS the number of prod 
uct attributes, n, increases, the variation in product values 
decrease. For this reason, products in the illustrative 
embodiment preferably have fewer attributes and a greater 
number of characteristics. This allows for Sufficient variation 
in product values while Still presenting Students with a 
sufficiently difficult design problem. 

0348. In the embodiment described herein, n=10, b=26, 
and k should have a value of 2sks 4. One can arrange 
interactions evenly over attributes. This produces a value 
function with high correlation for Small changes in product 
design (for example, a change of a single characteristic) and 
low correlation for more Substantial design changes. From 
these recommendations, one of Skill may adjust the values of 
the n, k, and b parameters to Suit their particular MTS needs. 
0349 The Market: In the marketplace model of this 
illustrated embodiment, products have only one trait: prod 
uct value. A market manipulator 802 accepts product value 
as its independent variable and calculates demand each 
round. To calculate demand, the market manipulator pref 
erably uses a set of equations as described in U.S. Provi 
sional Application Ser. No. 60/094,900, filed Jul. 31, 1998, 
or the Gold and Pray system of demand equations. Steven 
Gold and Thomas Pray, “Simulating Market-and Firm-Level 
Demand Functions in Computerized Business Simulations.” 
Simulations and Games, vol. 15 (September 1984): pp. 
346-363. 

0350 Technological Advance: At the start of a learning 
Session, the illustrative embodiment restricts the domains of 
one or more attributes, thereby limiting product design to 
Sufficiently low valued products (for example, only charac 
teristics A through G are allowed in product designs). 
Students compete by designing products with the allowed 
characteristics. During the learning Session, the restrictions 
are relaxed, either incrementally (a few characteristics each 
round) or altogether (all restrictions removed in a single 
round), as described below. 
0351 Royalties: Define products as similar if they differ 
by less than a predetermined number of characteristics. A 
product is new to the marketplace if (1) it is appearing in the 
marketplace for the first time and (2) no similar products 
have appeared in the marketplace. If a firm produces a 
product that is new to the marketplace it has rights to the 
product and all Similar products. This means that, for a 
limited number of rounds, if competing firms produce the 
product or a Similar product, they must pay a royalty to the 
inventing firm. The duration and size of the royalty are 
adjustable parameters, Set at the Start of the learning Session. 
One versed in the art can readily Set the royalty parameters 
as desired and/or to fit real-world industry practice. 
0352 Manufacturing: Each unit of production capacity is 
best Suited for manufacturing a particular type of product. 
This is called its specificity. Production capacity's Specific 
ity is designated by a product design. For example, capacity 
of type ASDFGHIJKLL is best Suited for producing the 
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product design ASDFGHIJKLL. Producing any other type of 
product increases the variable cost of production. For 
example, let Z represent the number characteristics in which 
the design of a product to be manufactured differs from the 
Specificity of the production capacity used in the production. 
Let Y be the base unit variable cost, and let d be a constant. 
The cost for producing each unit of product is: 

Unit variable production cost=(dZ)+Y 
0353. The value of d is set by the illustrative embodiment 
at the Start of the learning Session. 
0354) Production capacity is purchased/scraped in blocks 
of capacity (for example, one hundred units). The cost of a 
block is constant over all Specificities and throughout the 
learning Session. The same is true of the Scraping value. 
Similarly, the base variable production cost is constant over 
all product designs and throughout the learning Session. One 
versed in the art can readily Set the manufacturing param 
eters as desired and/or in accordance with real-world 
examples. 
0355 Firms’ Specification 
0356. In the illustrative embodiment, all firms are con 
trolled by students. As shown in FIG. 10, firms have two 
characteristics: (1) a budget 1001 and (2) production capac 
ity 1002 of identified specificity and unit capacities. The firm 
of FIG. 10 has a budget of five hundred and ten dollars and 
two types of production capacity. The firm has Seventy-five 
units of capacity of specificity QWERTYUIOP and twenty 
five units of specificity ASDFGHIJKLL. With this capability, 
this firm can produce one hundred units of products each 
round (assuming its budget covers the variable costs of 
production and royalties). 
0357. In addition to production capacity, firms have three 
routines or methods. (Firms are programmed as objects in an 
object oriented programming language). These routines (1) 
update the firms’ budget, (2) update the firms product 
capacity, and (3) Send the firms products to the marketplace. 
0358) The Interface 
0359 Each student has one interface. The interface has 
four fields for recording a student's decision. It also has 
routines for Sending information to a student's firm (e.g. by 
posting the results from a form). (The interface is pro 
grammed as an object in an object oriented programming 
language). 
0360 Students’ Tasks 
0361 Marketing Analysis: Each round, the marketplace 
results are recorded in the market database. Using charts, 
graphs, and/or any means that they deem appropriate, each 
Student analyzes the market database. 
0362. Management: Based on his analysis of the market 
database, each student (1) analyzes the marketplace result, 
(2) designs products, (3) chooses products to manufacture, 
(4) buys and Sells production capacity, and (5) determines 
production Schedules. In StepS 1 and 2, the Student is trying 
to identify the best designs, the “peaks” of the value func 
tion. Referring to the mountain range metaphor, this act of 
iteratively designing and testing products to determine the 
best is called Searching the value function. 
0363 The interface helps a student keep track of his 
decisions. FIG. 12 depicts an interface. The interface con 
tains four fields: 
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0364 1. Field 1201 shows the student's firm’s budget. 
0365 2. Field 1202 shows a student's firm's produc 
tion capacity. The left side lists the specificity of the 
production capacity. The right Side lists the units of 
capacity. FIG. 12 depicts two types of capacity: 
QWERTYUIOP with seventy-five units and ASDF 
GHJKLL with twenty-five units (“Units”). 

0366 A student purchases/sells production capacity by 
increasing/decreasing the maximum production listed in the 
right column. The Student can also purchase new production 
capacity by adding a new row to the list. This method must 
be used when purchasing production capacity with a speci 
ficity that differs from the firm's current production capacity. 
AS a Student purchases/Sells production capacity, the inter 
face automatically adjusts his firm's budget (displayed in 
field 1201). 

0367 3. In field 1203 a student enters his firm's 
production Schedule for the current round. In its three 
columns, the Student lists the products to be produced, 
the production amounts, and the capacity utilized. FIG. 
12 Shows five entries. Notice that Separate entities are 
required whenever the product or utilized capacity 
differs. AS a Student develops a production Schedule, 
the interface automatically adjusts his firm’s budget 
(displayed in field 1201). 

0368 4. Field 1204 is the manufacture and ship but 
ton. When satisfied with his production decisions, a 
student uses a mouse to 'click on this button. This 
Signals that his decisions are complete. If the produc 
tion decisions have not reduced the budget to negative 
values, the interface Sends the Student's production 
decisions to his firm. 

0369 A negative budget means that the student’s pro 
duction decisions require more capital than the Student's 
firm has in the current round. If a Student tries to manu 
facture and ship with a negative budget as determined by a 
Script, function call, or applet; in a conventional manner, the 
interface alerts the student to the problem. The student can 
then adjust his capacity and production Schedule accord 
ingly. 
0370. The Market Database Specifications 
0371 The market database is a spreadsheet file on a 
student's computer. FIG. 11 shows a market database. 
Firms production are listed in rows, with each row listing 
a Specific type of product produced by a firm. The first 
column of this file lists the period that products were sent to 
the marketplace. The next ten columns specify the product 
type by listing its characteristics. Column twelve lists the 
firm that produced the products. Column thirteen lists the 
number of products Sold in the marketplace. 
0372. The Operation of the Illustrative Embodiment 
0373 This embodiment generally progresses through the 
five steps of prior art MTSs which are repeated each round. 
In addition, this embodiment also requires two additional 
Steps that occur only once during a learning Session. First, 
the illustrative embodiment initializes the learning Session 
before the initial round. Second, the illustrative embodiment 
Simulates a technological breakthrough during the learning 
Session. Below, I describe the five Steps repeated each round 
and then I describe the two additional steps. 
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0374 Steps One, Two, and Three: The first three steps of 
the illustrative embodiment consist of each student (1) 
analyzing the marketplace information, (2) making deci 
Sions for his firm, and (3) sending these decisions to his firm 
through the interface. This includes the following tasks: 

0375 1. Each student views and analyzes the market 
database for the purpose of designing products and 
Setting a production Schedule for the round. To accom 
plish these tasks, Students utilize charting, graphing, 
intuitive heuristics, and/or other means that they deem 
useful. This can include hypothesizing product catego 
ries and perspectives, as described below. For Simplic 
ity, this embodiment does not record or analyze this 
proceSS. 

0376 2. Based upon their analysis of the market data 
base, each Student designs new products for his firm. 

0377 3. Choosing from the products previously 
offered to the marketplace and from his new designs, 
each Student Selects products to manufacture in the 
current round. 

0378 4. Each student determines the production vol 
ume for each product that he will manufacture. If 
desired, each Student can buy new production capacity 
or Sell unused production capacity. When making pro 
duction decisions, a Student cannot exceed his firm's 
budget. Students should account for the cost/revenue of 
buying/selling production capacity, the variable pro 
duction costs, and royalties. 

0379 5. Using the interface, each student sends his 
production plans to his firm. 

0380 Step Four: After the interface sends a student's 
production plans to his firm, the illustrative embodiment 
causes for each firm (1) an update to its production capacity, 
(2) an update in its budget, and (3) sends the products and 
production Volumes of that firm to the marketplace. 
0381 Step Five: The marketplace receives the production 
from the firms. Using an nk-landscape function as a product 
value function described above, a product evaluator (FIG. 8, 
field 803) evaluates each product. After products are valued, 
the market manipulator (FIG. 8, field 802) takes the prod 
ucts values as input and calculates demand using either the 
equations in the aforesaid provisional patent application or 
a Gold and Pray system of demand equations. From the 
demand and firms production, the marketplace calculates 
Sales. The marketplace then records the results in the market 
database and sends the revenues to the appropriate firms. 
Subsequently, the firms’ routines update their budgets 
accordingly. 
0382. After completing these five steps, the round is 
complete, and the next round, if any, begins with Step one. 
AS the rounds iterate, Students compete by Searching the 
value function to find, and manufacture, the best products. 
For this reason, this embodiment is a competitive Search of 
the product value function. Initializing the Learning Session: 
Before a learning Session can begin, the computer must 
initialize the learning Session. To accomplish this, it per 
forms the following Steps: 

0383 1. The computer gives each firm a starting bud 
get. 
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0384 2. The computer simulates a round of sales and 
places the results in the market database. This is done 
So that the market database will contain analyzable data 
for the first round of a learning Session (data as used 
herein includes the Singular). To simulate Sales, the 
computer randomly generates a Sufficient number of 
products and manufactures a predetermined number 
of each product. The computer then calculates Sales 
using the procedure presented above. The results are 
placed in the market database, listing the round as Zero. 
No revenues are sent to firms. 

0385 3. So that the illustrative embodiment can simu 
late an industry life cycle in later rounds, the design 
restrainer (FIG. 8, field 804) restricts the domains of 
one or more product attributes So that Students can only 
design products of sufficiently low value. To do this, the 
computer searches randomly (or with an algorithm Such 
as a genetic algorithm) for a product of Sufficiently low 
value. Once one is found, the computer identifies a 
correlated Set of products. The computer does this by 
identifying the attributes that affect the greatest number 
of other attributes (the most interactive attributes). The 
domain of each of these attributes is restricted to one 
characteristic: the characteristic that it expresses in the 
identified low value product. At the Start of the learning 
Session, only the product designs that conform to these 
constrained domains are valid designs. 

0386 Simulating a Technological Breakthrough: 
Through competition, Students will Settle on a category of 
products from the initially valid Set of product designs. Once 
this occurs the number of innovations in each round will 
decrease. The decrease occurs because as designs improve it 
becomes more difficult, and therefore costly, for Students to 
find better designs from the same product category. The 
illustrative embodiment monitors the rate of innovation. 
When the rate of innovation is sufficiently low, the design 
restrainer, 804 of FIG. 8, as implemented by the central 
computer, 2010 of FIG. 20, or instructor, 2020 of FIG. 20, 
expands the domains of the product attributes that have been 
restricted. This simulates a technological breakthrough. The 
design restrainer can restore the full domain of the attributes 
in a single round or does So piecemeal over Several rounds. 
AS domains expand, Students can Search through the larger 
set of allowable products. When all of the restrictions are 
removed, Students can Search the entire product space. 

Section 3: Ramifications 

0387. The MTS of the illustrated embodiment changes 
the Simulation of innovation and technological advance. It 
also fundamentally affects the Students tasks of analyzing 
marketplace results and designing products. AS these tasks 
are central to many MTSs, other tasks that an MTS demands 
of Students are also affected, as well as the dynamics of the 
simulated industry. These ramifications are described below. 
0388. Designing Products: Students design products by 
Selecting the characteristic expressed by each product 
attribute. When designing products, Students face two prob 
lems. First, there are an enormous number of designs. In the 
described embodiment, for example, products can have ten 
attributes with each attribute expressing one of twenty-six 
characteristics. Thus, students can choose from 26' unique 
products. A Student can consider only a Small number of 
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these possibilities. Second, attributes interact and produce 
Strong frustration. Because of this, Students cannot optimize 
design by considering each attribute independently. Instead, 
each Student must discover valued combinations of charac 
teristics. 

0389. One strategy to efficiently design high value prod 
ucts is to hypothesize and evaluate product categories. By 
using product categories, a Student greatly simplifies the 
design problem and learns decision making skills in the 
process. He can evaluate the potential of an entire category 
of products rather than evaluate every Single product. Spe 
cifically, a Student evaluates a category by observing the 
marketplace performance of a few products from that cat 
egory. If the product category shows potential (its products 
fair well in the marketplace competition), the student con 
centrates his effort and investment in that category. If the 
category evaluates poorly, the Student hypothesizes new 
categories that he believes will produce better results and 
implements those revised designs in Subsequent rounds. 
0390 Projects: In order to develop valuable products 
more quickly and efficiently, the Student hypothesizes Sev 
eral product categories and Searches within each one. The 
exploration of each hypothesized product category is called 
a project. A Student can manage a portfolio of projects, 
deciding when to initiate new projects, when to cancel 
projects, and how to distribute his firm’s budget among 
projects. Selecting product categories to Search is an impor 
tant decision. The product categories that a student focuses 
upon define his business. 
0391 FIG. 13 depicts a firm's portfolio with projects 
defined upon qualitatively varying attributes; however, the 
portfolio can contain projects defined upon quantitatively 
varying attributes or other types of attributes. In this figure, 
product categories are defined by listing the characteristics 
that define a category and placing a number sign in the 
remaining attributes. The number Sign indicates that these 
attributes are not part of the category definition. For 
example, (ABC#######) represents the product category 
where the letters A, B, and C are expressed in the first, 
Second, and third attributes, respectively. The products 
(ABCYHUKMNR) and (ABCRDWSZGY) are members of 
this category. 
0392 FIG. 13 shows four projects. Projects 
(#SD#G###LL) and (QWE#IOP) are cash cows. They 
produce products that are Successful in the marketplace. The 
Student managing this firm exploits these product categories 
through production; they provide his firm's revenues. 
Although the Student has two cash cows, competition com 
pels him to Search for higher value products. He must find 
higher value products more quickly and efficiently than his 
competitors or Suffer a competitive disadvantage. Product 
categories (#H#BNT) and (XYZH#) are the stu 
dent's hypotheses of product categories containing higher 
value products. Production from these projects will likely be 
Small as the Student focuses on evaluating these categories. 
0393 Perspective: Students need not randomly hypoth 
eSize product categories or randomly design products. 
Instead, they hypothesize product categories and design 
products after Studying the marketplace results, for example, 
as may be provided in the marketplace database (see FIG. 
11). In studying the marketplace results, students try to 
identify characteristics that contribute significantly to prod 
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ucts values. These characteristics can be identified by their 
appearance in products that are Successful in the market 
place and their absence from products that are not Successful 
in the marketplace. If a Student desires information not 
provided by the previous marketplace results, he will experi 
ment by manufacturing a Small quantity of products and 
offering them to the marketplace. Having identified valued 
characteristics, a Student will combine these characteristics 
to create products. 
0394. A student faces a difficult problem in analyzing 
marketplace information. The marketplace produces an 
enormous amount of information whether attributes vary 
qualitatively, quantitatively, or both. 

0395 To cope with the voluminous information, a stu 
dent must Select the information that is most effective and 
relevant to his business. One Strategy for accomplishing this 
is evaluating only a few product categories. These categories 
might include, for example, the Student's projects, potential 
projects, and product categories defining his competitors 
products (as defined by the student). I call this set of product 
categories a Student's perspective. 
0396 A perspective has the effect of categorizing the 
marketplace data. In doing So, it filters the market informa 
tion, Selecting the information that a student feels is most 
important. It is the means through which a Student frames 
the complex problem of competing, Surviving, and profiting. 
It can be interpreted as a Student's definition of the market. 
Different perspectives filter the marketplace results differ 
ently. Students with different perspectives will identify and 
miss different opportunities, evaluate product categories 
differently; and value information differently. Results that 
are Surprising to one Student might easily be anticipated by 
a student with a different perspective. 
0397 Innovation: Because students design products, 
innovation is defined in terms of product design. Specifi 
cally, an innovation is a product that differs from the 
previous products offered to the marketplace by at least one 
characteristic. A Student's innovations will come from his 
Strategy of Search. For example, every product category 
possesses a unique distribution of product values. When a 
Student determines the product categories that he searches, 
he determines the distribution of product values correspond 
ing to the innovations that he may produce. The Student 
determines whether he searches a barren category or one 
pregnant with innovations. Moreover, a student changes the 
product categories that he searches as he gains knowledge. 
AS a result, innovation is primarily a function of a Student's 
development and application of knowledge-i.e., knowl 
edge management. In general, a Student determines and 
modifies his Search Strategy and thereby affects the oppor 
tunities before him. In Stark contrast, innovation in prior art 
MTSs have relied upon exogenously determined sets of new 
product designs coupled with innovation probabilities and 
are essentially an investment decision where spending more 
increases the probability of designing better products. 
0398 Short- and Long-Run Strategies: Innovating via 
perspectives and product categories creates a dilemma for 
Students. A Student can direct his efforts and investment 
towards product categories that the marketplace results have 
identified as most promising (categories that have done well 
in previous rounds). By exploiting this current knowledge, 
a Student immediately increases his firm's profits and the 
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competitive pressure on his competitors. This is a short-run 
Strategy. Alternatively, a Student can take a long-run Strategy 
and invest in discovering new product categories that con 
tain higher value products (that is, new core competencies as 
described below). By developing new knowledge, a student 
can gain a large competitive advantage in future rounds. This 
requires time and investment, and there is a risk that no Such 
product categories will be found. Balancing investment 
between these two alternatives is the quintessential knowl 
edge management dilemma. 
0399 A Continuum of Innovations, Incremental through 
Radical: Using either the autocorrelation function with a 
Specified product as a starting point, or by measuring the 
correlation between product categories, one can define a 
measurable continuum of innovation types. Consider the 
product categories containing a significant number of the 
products offered to the marketplace in previous rounds. 
Incremental innovations are innovations from product cat 
egories that are highly correlated with at least one of these 
product categories. Radical innovations are innovations con 
tained in product categories that are not correlated with these 
product categories. Innovation type is measured by these 
correlations. 

0400 Because the innovation measure can be defined as 
either changes in a product’s design or as a comparison of 
product categories, this measure is relevant to Students when 
they design products and Study the marketplace results. If a 
new product is an incremental innovation, analysis of pre 
vious marketplace results provides a good prediction of the 
new products value. Incremental innovation can rely pri 
marily upon market analysis. In contrast, previous market 
place results are poor predictors of the value of radical 
innovations. Because of this, inventing a radical innovation 
requires testing new products in the marketplace. Compared 
to incremental innovations, they require greater time and 
investment. Their development also carries a greater risk of 
failure. With little guidance from previous marketplace 
results, Students may not find any Successful radical inno 
Vations. 

04.01 Incremental and radical innovations have an obvi 
ous relationship to the problem of exploiting knowledge 
Versus developing new knowledge with the short-run VS. 
long-run Strategies. Investing heavily in incremental inno 
Vation is the exploitation of current knowledge. It is a 
Short-run Strategy. Investing in radical innovation requires 
developing new knowledge. It is a long-run Strategy. 
0402. It is important to note that every product is a 
member of many product categories. A product presents a 
group of n characteristics to the market. The number of 
combinations of characteristics evaluated by the market is 
the number of Sets that one can create from n objects. This 
number is 2". Whether a student sees an innovation as 
incremental or radical, or to what degree in between, 
depends upon the Student's perspective as well as on the new 
product. A Student with a good perspective will be able to 
reduce the risks and costs of innovation. 

0403. Finally, it should be noted that by using correlation 
measures to choose a product value function, an MTS 
designer can change the relative number of incremental and 
radical innovations available for Students when designing 
products. AS Value functions become leSS correlated, the 
MTS presents students with fewer incremental innovations 
and more radical innovations. 
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04.04 Technological Advance: A technological advance 
is Simulated by restricting and then removing restrictions on 
the valid product designs. Depending upon the Specific form 
of the attribute-characteristic representation, this may 
include restricting/expanding the domains of the attributes 
or the number of attributes. In the illustrative embodiment, 
restrictions on the domains of attributes in product designs 
are applied and later removed. After a technological 
advance, multitudes of new products and product categories 
become available to Students. Students compete by exploit 
ing these new opportunities. Metaphorically, after a techno 
logical advance Students can Search new areas of the moun 
tain range. Formally, after a technological advance, Students 
can Search new volumes of the multidimensional product 
space. Students will have to develop new definitions of the 
market (new perspectives) and new definitions of their 
firms businesses (new product categories). In extreme 
cases, students will have to “reinvent their firms. This 
requires developing new knowledge while Shedding the 
knowledge made obsolete by the technological advance. 
04.05 Measurability of Information: One of the important 
properties that can be developed in embodiments of the 
present invention is that information can be measured. There 
may be Several measures, each useful for a different purpose. 
Two useful measures are the reliability of information and 
population Statistics. In the case of qualitatively varying 
attributes the new method is combinatorial and is congruent 
with the mathematics of information theory. 
0406 To understand the measure of information reliabil 

ity, consider the task of product design. In determining 
product designs and in hypothesizing product categories, 
Students might use their knowledge of the value of products 
in a category to predict the values of products in other 
categories. To borrow a real world example, “What do 
Strong Sales of Sports cars indicate about the values of utility 
vehicles?” Alternatively, Students might use their knowledge 
of the value of a single product to predict the effects of 
design changes to that product. In either case, the reliability 
of information measures this predictive capacity. It is given 
by the appropriate correlation measure: the autocorrelation 
function or the correlation between two product categories. 
0407. The measure and usefulness of population statistics 
can be understood by considering the Students task of 
evaluating a product category. In the terms of Statistics, the 
products that are evaluated in the marketplace competition 
are samples from a population (the products in a product 
category). The students evaluation of product categories via 
marketplace results is Similar to a Statistician's evaluation of 
a population via Sampling. Because of this similarity, popu 
lation Statistics apply to analyze how Students choose prod 
ucts to Send to the marketplace (how students sample the 
population). In addition, population statistics apply to pro 
vide objective measures of the values of products in a 
product category (for example, confidence intervals). These 
objective measures are compared to a student's Subjective 
estimates to identify biases in the Student's judgment. 
0408. Other Important Properties of Information: By 
modeling the product space in accordance with the inven 
tion, the illustrated embodiment possesses Several Signifi 
cant properties of the information, including: 

04.09 1. The marketplace produces an enormous 
amount of information (as described above). 
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0410 2. A student does not have enough of the 
information he desires. Marketplace results only 
estimate the values of products contained in a prod 
uct category, or more generally the outcome of a 
Search Strategy. 

0411 3. The firm’s budget does not permit exploring 
all choices. Based upon limited information, a stu 
dent can only partially investigate a Search Strategy, 
for example investigating a few product categories. 
This makes Success a matter of probability. 

0412 4. Product offerings produce both revenue and 
new information, and generally do So in an inverse 
relationship. That is, products that generate revenue 
produce little new information and products that 
produce new knowledge initially generate little rev 
Cle. 

0413 5. For every type of innovation, incremental 
through radical, previous marketplace results pos 
SeSS the proper reliability of information. 

0414 Explicit Representation of Knowledge: Product 
categories and perspectives provide a basis for categorizing 
products and information. In both cases, the categorizations 
are structures that embody knowledge. 
0415 Product Categories: Hypothesized product catego 
ries determine the innovations a student might design (it is 
the product space where he looks). They determine-from a 
probabilistic viewpoint-the efficiency of a student’s search 
for valued products. Stronger knowledge (product categories 
containing higher valued products) permits discovering (1) 
valued products with less investment or (2) higher valued 
products given the same investment. Through product cat 
egories, knowledge promotes efficient innovation. 
0416 Perspective: Perspectives select the information 
from the marketplace database that evaluateS product cat 
egories. Comparatively, Stronger knowledge (a perspective 
that includes product categories which differ greatly in their 
products values) can separate high value product categories 
from low value product categories with leSS information or 
provide a better prediction of product categories values 
given the same amount of information. Stronger knowledge 
(1) reduces risk because students have Superior identification 
of high value product categories and (2) reduces the invest 
ment needed to find high value product categories. Through 
perspectives, knowledge reduces the risks and costs of doing 
business. 

0417. In both cases, stronger knowledge means being 
able to more efficiently focus one's resources to Satisfy the 
marketplace. 
0418 Core Competencies: When searching a product 
category, a Student learns the valuable combinations of 
characteristics for that category (the characteristics that the 
'#' attributes shown in FIG. 13 should express). With this 
knowledge, the Student can efficiently improve his products 
designs. In the mountain range metaphor, the Student is 
learning the topology of one area of the mountain range. 
When this situation exists, the student has developed a core 
competency. 

0419. One can record the development of a student's core 
competencies through statistical measures (measures of cen 
tral tendency and variation) of the products that the Student 
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offers the market. For a set of products, one can measure a 
core competency with the vector (A1, A2,..., A., Var, V). 
In this vector A, A, . . . , A is an archetype product. Its 
characteristics are the characteristics represented most often 
in the Set of products. Specifically, for qualitatively varying 
attributes, A is the characteristic expressed most often by the 
i" attribute. For quantitatively varying attributes, A is the 
average value of the attribute. The variable Var measures the 
deviations of the actual products from the archetype. For 
quantitatively varying attributes, one can measure these 
deviations with a calculation of variance. In the qualitative 
case, one must first quantify the deviations. One can accom 
plish this with the concept of Hamming distance. The 
Hamming distance between two products is equal to the 
number of characteristics by which the products differ. For 
example, the Hamming distance between products (QWER 
TYUIOP) and (QWERTYUMNB) is three. In the case of 
qualitatively varying attributes, the variable Var is equal to 
the average of the Hamming distances between products in 
the set and the archetype product. The variable V represents 
the average value of the products in the Set. 

0420. One can apply this measure of core competency to 
any set of products (for example, the products produced in 
a project, by a firm, or by all firms in a round of the learning 
Session). By repeating this calculation over Several rounds, 
one can track the evolution of core competencies. FIG. 14 
depicts this application. The horizontal axis indicates the 
round. The Vertical axis indicates the amount by which an 
archetype product differs from the archetype product in 
round one (the Hamming distance in the case of qualitatively 
varying attributes). The figures progressing across the graph 
represent the core competency measure (A, A, ..., A., Var, 
V). The center bar of the figure represents the archetype. The 
span of the figures represents the variation in products, Var. 
Above each figure along the top of the graph is the average 
value of the set of products, V. 
0421 FIG. 14 shows considerable movement in the 
development of a core competency. The large change in 
archetype between periods three and four Suggests that the 
Student has changed his focus to a new product category. The 
decrease in variation after round five indicates that the 
Student has begun focusing upon production rather than 
search. A student would do this when he finds high value 
products. The chart can also be considered a learning curve 
for learning to produce high valued products. 

0422 Alternatively, one can define core competencies 
with correlation. Recall, from the discussion of projects, a 
Student can hypothesize product categories and Search for 
valuable products within the categories. To identify core 
competencies, pair every project with every other project. 
For each pair calculate the correlation between the two 
categories. Then apply cluster analysis to identify groups of 
categories that are highly correlated. Each group constitutes 
a volume of the technology Space in which information is 
useful. Each group of highly correlated categories is a 
potential core competency. As a Student Searches a category 
and learns to design valuable products, he develops one of 
these core competencies. 

0423 Industry Life Cycles: Economists and technologi 
cal historians have researched the birth, development, and 
demise of industries. They found that most industries 
develop through a three Stage pattern called an industry life 
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cycle (the automobile, commercial aircraft, and the mini 
computer industries are just a few examples). James Utter 
back's book Mastering the Dynamics of Innovation (Boston: 
Harvard Business School Press, 1994) describes industry 
life cycles in detail (see chapter 4). As a brief review, 
industry life cycles progreSS as follows: 

0424) 1. Fluid Stage: An industry begins in the fluid 
Stage. Many new firms enter and the number of firms 
operating in the industry increases. Radical product 
innovation and diverse product designs abound. Market 
share and profits change unpredictably. The profit mar 
gins of Successful products are large. Technical and 
marketplace uncertainty are pervasive. The markets 
previous results poorly predict the industry's develop 
ment. 

0425 2. Transition Stage: As an industry develops, 
uncertainty decreases and the industry enters the tran 
Sition Stage. Technologies and applications Stabilize 
and product Standards emerge. Incremental innovation 
becomes more important. The industry consolidates as 
waves of busineSS failures and mergerS Sweep the 
industry. Only a handful of firms survive. 

0426) 3. Stable Stage: Eventually an industry enters the 
Stable Stage. Market shares are relatively fixed. Inno 
Vations are incremental. Standard marketing, finance, 
and management analyses identify market changes, 
guide Strategic planning, and predict the consequences 
of a firm's actions. Competition is over price, profit 
margins are Slim, and prices reflect production effi 
ciency. (Prior art MTSs are useful for simulating mar 
kets in the Stable Stage, but not in the fluid or transition 
Stages). The industry remains in the stable stage until a 
technological breakthrough initiates a new life cycle. 

0427. In accordance with the illustrated embodiment, a 
technological breakthrough can initiate an industry life cycle 
when either the domains of the attributes or the number of 
attributes is increased. Initially, the most valued products 
that firms can produce are restricted to have Sufficiently low 
values. The Students compete with these choices. Innovation 
will decrease as Students find the most valued products in 
this limited Set. Once this occurs, the domains of one or 
more attributes or the number of attributes is increased, 
thereby Simulating a technological advance. This will ini 
tiate an industry life cycle. 

0428 Section 4: Embodiments that Make Two Great 
Improvements in MTSs 
0429) Improvement 1: An MTS with Superior Modeling 
of Innovation 

0430. In a competitive industry MTS students guide a 
firm through a transition from a predecessor industry to a 
new industry. Such a transition Simulates a technological 
breakthrough and concomitant displacement of an older 
technology (for example, the transistor destroying the mar 
ket for vacuum tubes). By producing and using knowledge, 
Students construct and adjust a portfolio of projects. Stu 
dents must (1) define the market as the new industry 
develops; (2) build new core competencies and design new 
products; (3) protect against both Short-run and long-run 
competitive threats; and (4) develop managerial rules appro 
priate for the industry's maturity (fluid, transition, and stable 
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Stages). Among other lessons gained by engaging in the 
Simulation of a technological breakthrough, Students learn 
the following: 
0431 Properties of Innovation: The process of innova 
tion is unique among business functions. For descriptions of 
the characteristics of innovation and guidance on managing 
innovation see: Peter Drucker, Management: Tasks, Respon 
sibilities, Practices (New York: Harper Collins, 1973) p. 
782-803; Peter Drucker, Innovation and Entrepreneurship 
(New York Harper & Row, 1985) p. 143-176; Donald Frey, 
“The New Dynamism (Part 1). 'Interfaces, vol. 24 no. 2 
(March-April 1994): pp. 87-91; James Brian Quinn, “Man 
aging Innovation: Controlled Chaos.'Harvard Business 
Review (May-June 1985): pp. 73-84; and Lowell Steele, 
Managing Technology. The Strategic View (New York: 
McGraw-Hill, 1989): pp. 263-288. The most startling char 
acteristic of innovation is its unpredictability. The Successful 
application and design of a radical innovation, for example, 
is rarely predictable at the start of its development. This 
unpredictability is the Source of four other principle char 
acteristics of radical innovations: 

0432 1. High Failure Rate: Even with proper man 
agement, only a Small fraction of innovative ideas 
become innovations. 

0433. In the illustrated embodiment, the fraction 
of Successful innovations (Successful new product 
designs) will vary with the type of innovation that 
a student pursues, the fraction of products with 
values higher than the products previously Sent to 
the marketplace, and the intensity of competition 
in a learning Session. 

0434 2. Path-Dependency: Innovation is path-de 
pendent. Path-dependency means that (1) Some paths 
of change will not get from State A to State B while 
others will and (2) the actions one takes today 
determine the choices one faces tomorrow (history 
matters). 
0435. In the illustrated embodiment, the mountain 
range metaphor provides a Striking display of 
path-dependency. A Student's Sequence of product 
designs produces a path winding across the prod 
uct space. The knowledge a student develops and 
the direction he travels depend upon the path that 
has been previously traversed (history matters). 
Moreover, the portion of the product space's 
topology that is correlated with a student's knowl 
edge need not contain products that are competi 
tive in the marketplace (not all paths lead to 
Success). Techniques Such as the previously 
described method of measuring core competencies 
provide means of measuring and displaying the 
paths of Students product development. 

0436 3. Surprise: Along the path to success, or 
failure, lie unpredictable obstacles and beneficial 
tail winds. These events Surprise management. 

0437. In the illustrated embodiment, frustration 
produces this quality. Attributes that a Student 
does not focus upon in his marketplace research 
can be highly interactive. A change in one of these 
attributes, in a Student's or competitor's product 
designs, will Significantly affect product value and 
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marketplace competition. Since the Student is not 
focusing upon the attribute, these results will be 
Surprising to the Student. 

0438 4. Probabilistic Success: When making deci 
Sions, there are always more options than resources. 
Compounding this difficulty, there is never enough 
information to confidently determine the best 
options. This situation makes Success a matter of 
probability. 

0439. In the illustrated embodiment, a firm’s bud 
get will not facilitate Sampling from all of the 
product categories that the Student deems poten 
tially profitable. In addition, marketplace results 
only estimate the values of products contained in 
a product category. Because of this, a Student does 
not have enough of the information he desires. 

0440 Managing Innovation: Because embodiments of 
the present invention can reproduce each of these properties, 
Students using an MTS in accordance with this aspect of the 
invention can experience and learn the characteristics of 
innovation. Students can also learn rules for managing 
innovation. At a most general level, the rules for managing 
innovation are as follows: 

0441 Market Focus: To be successful, an innovation 
must make an impact outside of the firm. It must affect a 
market. 

0442 Pursue Multiple Projects: At the start, each project 
looks equally inviting (or crazy), yet few Succeed. To reduce 
one's risks, one must invest in multiple projects. 
0443 Match Investment to Knowledge: To further reduce 
risk, one should start an innovation project with Small 
investments and only increase investment as uncertainty is 
reduced and information becomes more reliable. 

0444 Aim High: The successful innovation must pay for 
itself and Several failures. In cases of Substantial techno 
logical change, it will also provide the foundation of a 
company for many years. It is imperative that all innovations 
Seek Substantial Success and aim for market leadership. 
0445 Innovation Requires its Own Measures: The tools 
used for managing a mature business are unreliable when 
applied to innovation. How can one calculate NPV when the 
design and application of an innovation is unpredictable'? 
Moreover, the dynamics of innovation differ from that of the 
mature busineSS. Five percent annual profit increases are 
unrealistic. Instead, there will be a period where there are no 
profits and, if Successful, an ensuing period of rapidly 
increasing profits. Instead of using the accounting and 
control measures of mature businesses, one manages inno 
Vation projects through expectations and feedback. Expec 
tations can always be defined and used to direct efforts 
even when forecasting is unreliable. 
0446. Manage Innovation Separately from the Mature 
Business: When compared to the mature business, innova 
tion projects appear inconsequential. They produce little or 
no revenue. Results and problems in these projects do not 
immediately affect a firm's performance. Though their 
immediate results do not impact the firm, innovation 
projects require valuable resources. For this reason, manag 
erS may not dedicate enough resources to the innovative 
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project. For all these reasons, innovative projects must be 
managed separately from the mature busineSS. 
0447 These rules contribute to success, but they are not 
Sufficient. Implementing these rules requires judgment. 
Managers must determine which projects should be started; 
which, and when, projects should be cancelled; and deter 
mine when the firm should adjust its investment in a project. 
Managers must Set aspiration levels, balance the risk of 
falling Victim to a competitors innovation with the risk of 
losing their investments in innovation; and negotiate the 
trade-off between flexibility and decision errors. With 
embodiments that have Students make Such decisions, Stu 
dents develop their judgment as they face these dilemmas in 
an MTS. 

0448. In learning these lessons, students will also con 
front and learn to manage, by interacting with the busineSS 
Situation through the user interface, the following issues: 
0449 Balancing the Risks of Lost Investment and Lost 
Opportunity: The risks of lost investment and lost opportu 
nity are antithetical, as are the costs of their associated 
mistakes. How should a firm balance the current and future 
needs of the business? How does a firm maintain efficiency 
while also maintaining the flexibility that competition 
requires of the firm'? 
0450 Managing in a Dynamic Industry: How much can 
a firm affect an industry’s dynamics? How does one compare 
results to expectations when much of this analysis rests upon 
judgment? How does one evaluate a firm’s wealth producing 
potential? 
0451 Portfolio Management: How many projects should 
a business pursue? How much diversity is advantageous, 
and how does diversity link to core competencies? What are 
good measures of innovative performance'? How well do 
traditional financial calculations govern (for example, pay 
back period, NPV, and ROI)? 
0452. Managing Change: How fast can a firm change its 
operating rules, core competencies, and product mix without 
endangering its Survival? What kind of rules and measures 
result in change rather than stability'? What rules effectively 
move resources from old opportunities to new ones? At what 
level of detail should one plan'? 
0453 Improvement 2: Personalized Decision Analysis 
and Training 

0454 Prior art MTSs teach through an indirect method. A 
Student tries various Strategies, analyzes the results, and, 
hopefully, the MTS induces an improved understanding. 
This method of learning can be ineffective because a Student 
learns only as well as he can invent Strategies and induce 
leSSons. In contrast, a direct method of teaching in accor 
dance with another aspect of the invention analyzes a 
Student's decisions and judgments in order to determine his 
unique, habitual judgment and decision Strengths, errors, 
and biases. This cognitive analysis facilitates personalized 
training in critical thinking and busineSS decision-making. 
0455 Potentially, MTSs are the ideal means of providing 
cognitive analysis and training. They present a student with 
well-defined problems and information that results in the 
receipt of well-defined answers. While necessary, these 
characteristics are insufficient. In order to provide perSon 
alized decision and judgment analysis, MTSS must meet two 
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additional requirements. First, their design must facilitate 
measuring information and knowledge. Second, they must 
clearly relate the tasks demanded of Students to cognitive 
functions that can be analyzed. Prior art MTS do not satisfy 
either of these two additional criteria. Embodiments of the 
present invention can Satisfy both of them. 
0456 Means of measuring information and knowledge 
were described above. Embodiments of the present inven 
tion can clearly relate the tasks that they demand of Students 
to cognitive functions. To understand the relationships, it is 
useful to recognize that in designing products Students are 
actually competing to Solve a complex optimization prob 
lem. Instead of using a Scientist's powerful mathematical 
algorithms for this task, Students use their own 'cognitive 
algorithms. For example, embodiments of the invention can 
make Students exercise three cognitive functions: covaria 
tion assessment, categorization, and judgment. The relation 
ships between the Students tasks and these cognitive func 
tions are described below. 

0457 Covariation Assessment: When students analyze 
the marketplace data, they are Searching for correlations 
between combinations of product characteristics (product 
categories) and marketplace Success. In cognitive psychol 
ogy, this proceSS is called covariation assessment. Experi 
ments have tested peoples covariation assessment in a 
variety of Situations. 
0458 In one such experiment, subjects were shown sev 
eral lists of paired variables and asked to estimate the 
correlation demonstrated in each list. Dennis Jennings, Ter 
esa Amabile, and Lee ROSS, "Informal Covariation ASSeSS 
ment: Data-Based versus Theory-Based Judgment,” in Judg 
ment Under Uncertainty. Heuristics and Biases, edited by 
Daniel Kahneman, Paul Slovic, and Amos Tversky (New 
York: Cambridge University Press, 1982): pp. 211-230. This 
task is similar to Students analysis of marketplace informa 
tion in the illustrated embodiment. In this embodiment, the 
paired variables are products and Sales Volume. The psy 
chological experiment shows dramatic results. Subjects 
estimates vary widely and, on average, greatly underesti 
mate correlation. Correlations must be at least 0.8 before 
Subjects, on average, estimate a correlation as high as 0.5. 
These results occur because Subjects simplify their task by 
looking at only a few entries on the list. Correlation is a 
quality of the entire Set, and only exceptional rows accu 
rately convey this quality. 

0459. This study suggests that when market results do not 
make facts obvious, managers can be easily mislead by 
focusing their attention on a Small set of information (for 
example, the Striking Success, the Striking failure, firsthand 
experience, or benchmarking). In the illustrated embodi 
ment, these errors can be recognized by the System, 
explained to the Student in a report or other output, and 
corrected by the student to better avoid real-world errors. 
When market uncertainty exists, managers should rely more 
heavily upon decision rules and conduct a broad assessment 
of their firms industry. 
0460 Another method that students might use to identify 
profitable product categories is to count the number of 
Successful and unsuccessful products in a category. Psycho 
logical Studies have also researched this method of correla 
tion detection. Dennis Jennings, Teresa Amabile, and Lee 
Ross, “Informal Covariation Assessment: Data-Based ver 
















































































